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Mr. Steve Gunderson 
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Mr. Mark Aguilar 
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Dear Gentlemen: 

The U.S. Department of Energy Rocky Flats Project Office is transmitting to your respective 
agencies for your review and approval, copies of the following documents that make up the 
Rocky Flats Accelerated Action Design for the Original Landfill: 

(1) Accelerated Action Design for the Original Landfill Rocky Flats Environmental 

(2)  Accelerated Action Design for the Original Landfill Rocky Flats Environmental 

Technology Site Draft Design Drawings, March 2005; 

Technology Site Drafr Construction Quality Assurance/Qudity Control Plan, March 
2005; 

Technology Site Draft Design Submittal Specijications, March 2005; 

Technology Site Drafr Design Calculation Appendices, March 2005. 

(3) Accelerated Action Design for the Original Landfill Rocky Flats Environmental 

(4) Accelerated Action Design for the Original Landfill Rocky Flats Environmental 

If you should have any questions regarding these documents, please call Bob Birk at (303) 
966-5921, or you may contact me at (303) 966-2282. 
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Jbseph A. Legare, Director 
RFPO Project Management 
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LANDFILL ENGINEERING - REGULATORY REVIEW DESIGN 
SLOPE STABILITY ANALYSIS 
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A A I 3 F R l U i l ~ ' A L  l.m CwMfMr'dY ORIGINAL LANDFILL ACCELERATED ACTION 

These appendices include calculations to support the accelerated action at the Original 
Landfill located at the Rocky Flats Environmental Technology Site. The accelerated 
action includes design and construction of a soil cover with appropriate surface water 
controls and a buttresshuttress blanket drain for stability enhancements. Appendices 
with appropriate attachments include the following: 

Appendix A Stability Analysis 

Appendix B Settlement Analysis 

Appendix C 

Appendix D 

Rainfall Soil Erosion and Wind Erosion Loss Calculations 

Surface Water Management System Assessment 

Appendix E Buttress Sub-Drain 

Appendix F Evaluation of 100-Year Event from Woman Creek on the Toe 
of the Buttress 

Appendix G Geotechnical Data, and Borehole and Test Pit Logs 
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ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
ACCELERATED ACTION DESIGN FOR THE ORIGINAL LANDFILL 

LANDFILL ENGINEERING - REGULATORY REVIEW DESIGN 
SLOPE STABILITY ANALYSIS 

MARCH 30,2005 

Prepared by: 

Earth Tech, Inc. 
5575 DTC Parkway, Suite 200 
Englewood, Colorado 80111 

(303) 694-6660 

This calculation was performed by Earth Tech, Inc. Although each sheet comprising this calculation may or may 
not be initialed, it has nonetheless been reviewed and checked. 

Prepared By: 

Checked By: 

Independent Verifier: 

Approved By: 

Date: 

Date: 

Date: 

Date: 
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E A R T H -  T E C U  3 
A r k p n  W E R i U A m L  1 m CDMFIrVlY Sheet A 1 

5575 DTC Parkway, Suite 200 
Englewood, Colorado 801 1 I 
Project: RFETS - Original Landfill Accelerated Action . Project No. 57378 6020 Date: 3/30/05 

Subject: Landfill Engineering - SloDe Stabilitv Analvsis 
By: SK Date: 3/16/05 Chk By: Date: APP BY: Date: 

1.0 INTRODUCTION 

The purpose of this calculation is to determine the stability of the Original Landfill located on the Rocky Flats 
Environmental and Technology Site (RFETS). The slope stability is determined using of PCSTABLSM computer 
software. 

2.0 LANDFILL DESCRIPTION AND LOCATION 

The Original Landfill site is located south of RFETS Buildings 440 and 460, along the north hillside of a ravine in the 
Woman Creek drainage area, extending from approximate Elevation 6,040 feet at the top to Elevation 5,950 feet at its 
base. Waste operations began in the early 1950s and continued through 1968. The Original Landfill site footprint has a 
maximum length along the east-west direction of approximately 1,700 feet, and approximately 500 feet in the north- 
south direction, with an approximate area on the order of 20 acres. Existing slope gradients range from approximately 
flatter than 6 to 1 (horizontal to vertical) to 2 to 1, with a total slope height from the top of the hillside to the Woman 
Creek drainage of about 90 feet. 

As part of the accelerated action at the Original Landfill, the existing slopes will be regraded to overall 18 percent slope 
with 2-foot soil cover and drainage improvements. In addition, a buttress and buttress toe drain (also considered a 
blanket drain) will be installed at the base of the landfill will be installed for stability enhancements. 

3.0 REFERENCES 

Slope Stability evaluation of the proposed cover was completed using the guidelines provided in the following 
documents: 

1. PCSTABLSM Design Software. Purdue University. 

2. Accelerated Action. Design for the Original Landfill Geotechnical Investigation Phase 3 Stability Analysis 
Technical Support Memorandum, Earth Tech 2004. 

3. RFETS, Geotechnical Investigation for Operable Unit No. 5, Metcalf and Eddy September 1995. 

4. Factors of Safety: “Technical Guidance for RCMCERCLA Final Covers”, Chapter 6, Geotechnical 
Analysis and Design, US EPA, Draft April 2002 (Attachment 1, Page 6-2 1) and Reference 1. 

4.0 STABILITY CRITERIA 

The stability analysis will meet the following design criteria developed in the Accelerated Action Design for the 
Original Landfill Geotechnical Investigation Phase 3 Stability Analysis Technical Support Memorandum (Phase 3 
report [Earth Tech 20041). Static stability is based on technical Guidance for RCMCERCLA Final Covers. There 
are no specific guidelines regarding the seismic stability so the criteria was developed considering the project site 
setting, geologic conditions, standard of practice, and various regulatory requirements. Therefore, the design criteria 
is as follows: 
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Project: WETS - Original Landfill Accelerated Action Project No. 57378 6020 
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Minimum Safety Factor 
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I 
1 .O for a seismic coefficient of 0.06g 

Seismic Deformation analysis with a 
seismically induced permanent 

5.0 PCSTABL MODELS 

The PCSTABL model runs were conducted for four cross-sections originally defined in the WETS Geotechnical 
Investigation for Operable Unit No. 5 (Metcalf and Eddy 1995). The Metcalf and Eddy cross-sections (A-A’, B-B’, 
C-C’, D-D’) were modified to include the proposed grading plan and the buttress. The PCSTABL models require 
development of a section for analysis as well as input of the engineering properties of the material within the sections. 
Additional input data including boundaries, piezometric surface data, and failure type is also required. The following 
sections summarize this input with additional information found in Attachment 2. 

Section For Analysis 

Sections for analysis were similar to those analyzed in the Phase 3 report with the addition of Metcalf and Eddy cross- 
section A-A’. Minor changes were made to cross-section A-A’, B-B’, C-C’, and D-D’ to reflect the latest grading 
plan and buttress configurations and to reflect updated groundwater levels and drainage beneath the buttress. 

Engineering Material Properties 

Engineering material properties used in the modeling are identical to those used in the Phase 3 report. See’Figures 2 
through 6 of the Phase 3 report for material properties. 

Groundwater Levels 

Groundwater levels used for the stability modeling are based on the updated groundwater modeling of the OLF by 
Integrated Hydro Systems (see Attachment 2). From this modeling, the 100-year wet year (maximum annual 
groundwater level - wet year climate) was transposed to the four stability cross-sections for analysis. 

Comuuter Promam Input Data 

Additional input data is found in Attachment 3 and includes boundaries of the section for analysis, soil properties, the 
piezometric surface data, and the failure type. Actual input/output file names are found in Attachment 4 and computer 
runs are found in Attachments 5 and 6. 
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Attachment 1 and the following tables summarize the output of the PCSTABL model runs. 
displacements were calculated using a simplified deformation analysis as described in the Phase 3 report. 
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ROCKY FLATS OLF - M&E A 18%W/BM - WCS = 20 deg - WlHlGHGW - CIRCULAR - STATIC 
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ROCKY FLATS OLF - M&E A 18%W/BM - WCS = 20 deg - WlHlGHGW -SLIDING BLOCK - STATIC 
Ten Most Critical. C:ABHSSR.PLT By: STAN KLINE 03-04-05 7:38pm 
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Factors Of Safety Calculated By The Modified Janbu Method 
PCSTABL5M/SI FSmin = 1.52 X-Axis (ft) 
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ROCKY FLATS OLF - M&E A 18%W/BM - WCS = 20 deg - W/HIGHGW - SLIDING BLOCK - STATIC 
Surface #1 -ABHSSR.OUT. C:ABHSSRS.PLT By: STAN KLINE 03-04-05 7:45pm 
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No. 
1 
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Total 
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Saturated Cohesion 
Unit Wt. Intercept 

(pcf) (psf) 
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Pressure 
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PCSTABLSM/SI FS = 1.65 Theta = 8.95 X-Axis (ft) 
Factors Of Safety Calculated By Spencer’s Method of Slices 
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ROCKY FLATS OLF - M&E A 18%W/BM - WCS= 15 deg - W/HIGHGW - CIRCULAR - 0.069 
Ten Most Critical. C:ABHC06R.PLT By: STAN KLINE 03-04-05 8:OIpm 

I I I I I 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

NO. (pcf) (pcf) (psf) (deg) Pararn. (psf) No. 
WSTEFIL 1 120 125 50 30 0 0 w1  
QclSLlDE 2 120 125 0 15 0 0 w1 
Qrf 3 120 125 200 30 0 0 w1 
Qal 4 125 130 0 33 0 0 w1 
WCS 5 120 125 0 15 0 0 w1 
UCS 6 125 130 600 30 0 0 w1 
ENG FILL 7 130 135 200 35 0 0 w1 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

I 1 
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PCSTABL5M/SI FSmin = 0.88 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



50 

40 

30 

Y -Axis 

ROCKY FLATS OLF - M&E A 18%W/BM - WCS= 15 deg - W/HIGHGW - CIRCULAR - 0.039 
All surfaces evaluated. C:ABHC03R.PLT By: STAN KLINE 03-04-05 8:03pm 
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X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 
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ROCKY FLATS OLF - M&E A 18%W/BM - WCS = 15 deg - WlHlGHGW - CIRCULAR - 0.039 
Ten Most Critical. C:ABHC03R.PLT By: STAN KLINE 03-04-05 8:03pm 
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PCSTABL5MN FSmin = 1.02 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 
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ROCKY FLATS OLF - M&E A 18%W/BM - WCS= 15 deg - W/HIGHGW - SLIDING BLOCK - 0.069 
Ten Most Critical. C:ABHSOGR.PLT By: STAN KLINE 03-04-05 8: 15pm 

Soil 

No. 
1 
2 
3 
4 
5 
6 
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Type 
Total 

Unit Wr. 
(pcf) 
120 
120 
120 
125 
120 
125 
130 

Saturated Cohesion 
Unit Wt. tntercept 

(pcf) (psf) 
125 50 
125 0 
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130 600 
135 200 

Pore Pressure 
Pressure Constant 
Param. (psf) 

0 0 
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PCSTABL5MN FSmin = 0.83 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 
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Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

No. (pcf) (pcf) (psf) (deg) Param. (psf) No. 
WSTEEIL I 120 125 50 30 0 0 w1 
Qc/SLIDE 2 120 125 0 15 0 0 w1 
Qrl 3 120 125 200 30 0 0 w1 
Qal 4 125 130 0 33 0 0 w1 
WCS 5 120 125 0 15 0 0 w1 
ucs 6 125 130 600 30 0 0 w1 
ENG FILL 7 130 135 200 35 0 0 w1 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

- 

ROCKY FLATS OLF - M&E A 18%W/BM - WCS= 15 deg - W/HIGHGW-SLIDING BLOCK - 0.06g 
Surface #1 -ABHSOGR.OUT. C:ABHSOGRS.PLT By: STAN KLINE 03-04-05 8: 17pm 
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Factors Of Safety Calculated By Spencer's Method of Slices 
PCSTABLSM/SI FS = 0.87 Theta = 8.01 X-Axis (ft) 
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ROCKY FLATS OLF - M&E A 18%W/BM - WCS= 15 deg - WlHlGHGW-SLIDING BLOCK - 0.039 
Ten Most Critical. C:ABHS03R.PLT By: STAN KLINE 03-04-05 8:24pm 
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Unit Wt. Intercept 
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PCSTABL5M/SI FSmin = 0.96 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 



ROCKY FLATS OLF - M&E A 18%W/BM - WCS= 15 deg - WlHlGHGW - SLIDING BLOCK - 0.039 
Surface #1 -ABHS03R.OUT. C:ABHS03RS.PLT By: STAN KLINE 03-04-05 8:26pm 

Y -Axis 

(ft) 
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Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

No. (pcf) (pcf) (psf) (deg) Pararn. (psf) No. 
WSTEFIL 1 120 125 50  30 0 0 w 1  
QclSLlDE 2 1 20 125 0 15 0 0 W l  
Qrf 3 120 125 200 3 0  0 0 w 1  
Qal 4 125 130 0 33 0 0 w 1  
WCS 5 120 125 0 15 0 0 w 1  
UCS 6 125 130 600 30 0 0 w 1  
ENQFlLL 7 130 135 200 35 0 0 w 1  

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
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PCSTABL5MISI FS = 1.01 Theta = 8.2 X-Axis (ft) 
Factors Of Safety Calculated By Spencer's Method of Slices 
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ROCKY FLATS OLF - M&E B 18%W/BM - WCS = 20 deg - WlHlGHGW - CIRCULAR - STATIC 
Ten Most Critical. C:BBHCSR.PLT By: STAN KLINE 03-03-05 10:23pm 
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Factors Of Safety Calculated By The Modified Bishop Method 
PCSTABL5M/SI FSmin = 1.79 X-Axis (ft) 
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ROCKY FLATS OLF - M&E B 18%W/BM - WCS = 20 deg - W/HIGHGW -SLIDING BLOCK - STATIC 
Ten Most Critical. C:BBHSSR.PLT By: STAN KLINE 03-03-05 8:50pm 
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(ft) 

400 500 600 700 800 0 100 200 300 
PCSTABL5MISI FSmin = 1.70 X-Axis (ft) 

Factors Of Safety Calculated By The Modified Janbu Method 
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PCSTABL5MKI FS = 1.80 Theta = 8.74 X-Axis (ft) 

Factors Of Safety Calculated By Spencer's Method of Slices 
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ROCKY FLATS OLF - M&E B 18%W/BM - WCS= 15 deg - W/HIGHGW - CIRCULAR - 0.06g 
Ten Most Critical. C:BBHCOGR.PLT By: STAN KLINE 03-03-05 10:27pm 

500 

400 

I I I I I I I 
Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

No. (pcf) (pcf) (psf) (dag) Param. (psf) No. 
WSTElFlL 1 120 125 50 30  0 0 w 1  
QclSLlDE 2 120 125 0 15 0 0 w 1  
Qrf 3 120 125 200 30 0 0 w 1  
Qal 4 125 130 0 33 0 0 w 1  
wcs 5 120 125 0 15 0 0 w 1  
UCS 6 125 130 600 30 0 0 w1 
ENG FILL 7 130 135 200 35 0 0 w 1  

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

- 

Y -Axis 300 t 
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PCSTABL5M/SI FSmin = 1.05 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 
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ROCKY FLATS OLF - M&E B 18%W/BM - WCS= 15 deg - WlHlGHGW - CIRCULAR - 0.079 

Ten Most Critical. C:BBHC07R.PLT By: STAN KLINE 03-03-05 10:29pm 
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Y -Axis 
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Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

No. (pcf) (pcf) (psf) (deg) Param. (psf) No. 
WSTElFlL 1 120 125 50 30 0 0 w 1  
QclSLlDE 2 120 125 0 15 0 0 w 1  
Qrf 3 120 125 200 30 0 0 w 1  
Qal 4 125 130 0 33 0 0 w 1  
WCS 5 120 125 0 15 0 0 w 1  
UCS 6 125 130 600 30 0 0 w 1  
ENG FILL 7 130 135 200 35 0 0 w 1  

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
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PCSTABL5MISI FSmin = 1.01 X-Axis (ftl 
Factors Of Safety Calculated By The Modified Bishop Method 
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0 
ROCKY FLATS OLF - M&E B 18%W/BM - WCS= 15 deg - W/HIGHGW - SLIDING BLOCK - 0.069 

Ten Most Critical. C:BBHSOGR.PLT By: STAN KLINE 03-03-05 9:23pm 

500r I I I I I 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

No. (pcf) (pcf) (psf) (deg) Pararn. (psf) No. 
WSTElFlL 1 120 125 50 30 0 0 w1 
Qc/SLIDE 2 120 125 0 15 0 0 w 1  
Qlf 3 120 125 200 30 0 0 w1 
Qal 4 125 130 0 33 0 0 w1 
wcs 5 120 125 0 15 0 0 w1 
ucs 6 125 130 600 30 0 0 w1 
ENG FILL 7 130 135 200 35 0 0 w1 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

Y -Axis 

(ft) 
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Factors Of Safety Calculated By The Modified Janbu Method 
PCSTABLSM/SI FSmin = 0.95 X-Axis (ft) 



ROCKY FLATS OLF - M&E B 18%W/BM - WCS= 15 deg - WIHIGHGW-SLIDING BLOCK - 0.06g 
Surface #1 -BBHSOGR.OUT. C:BBHSOGRS.PLT By: STAN KLINE 03-03-05 9:25pm 

200 

I I I I I 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

No. (pcf) (pcf) (psf) (deg) Param. (psf) No. 
WSTEfflL 1 120 125 50 30 0 0 w1 
QclSLlDE 2 120 125 0 15 0 0 W l  
Qrf 3 120 125 200 30 0 0 w1 
Qal 4 125 130 0 33 0 0 w1 
WCS 5 1 20 125 0 15 0 0 w1 
ucs 6 125 130 600 30 0 0 w1  
ENG FILL 7 130 135 200 35 0 0 w1 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
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J N q  4 
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PCSTABLSMlSl FS = 0.99 Theta = 7.68 X-Axis (ft) 
Factors Of Safety Calculated By Spencer’s Method of Slices 
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ROCKY FLATS OLF - M&E B 18%W/BM - WCS= 15 deg - W/HIGHGW-=-SLIDING BLOCK - 0.059 

50 400 i 
Y -Axis 

(ft) 

Ten Most Critical. C:BBHS05R.PLT By: STAN KLINE 03-03-05 9:20pm 
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Unit Wt. 
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120 
120 
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125 
130 

Saturated Cohesion Friction 
Unit Wt. Intercept Angle 

(pcf) (psf) (deg) 
125 50 30 
125 0 15 
125 200 30 
130 0 33 
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130 600 30 
135 200 35 

Pore Pressure Piez. 
Pressure Constant Surface 
Pararn. (psf) No. 

0 0 w1 
0 0 w1 
0 0 W l  
0 0 w1 
0 0 w1 
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0 0 w1 
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PCSTABL5M/SI FSmin = 1 .OO X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 
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PCSTABL5M/SI FS = 1.04 Theta = 7.78 X-Axis (ft) 
Factors Of Safety Calculated By Spencer’ s Method of Slices 
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ROCKY FLATS OLF - M&E C 18%W/BM - WCS = 20 deg - WlHlGHGW - CIRCULAR - STATIC 

Label 
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Soil 
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Total 
Unit Wt. 
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Saturated Cohesion 
Unit Wt. Intercept 
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Angle 
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PCSTABL5M/SI FSmin = 1.78 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 
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ROCKY FLATS OLF - M&E C 18%W/BM - WCS = 20 deg - W/HIGHGW - SLIDING BLOCK - STATIC 
All surfaces evaluated. C:CBHSSR.PLT By: STAN KLINE 03-03-05 1 1 :05pm 

I I I I I 1 I 

w1 

- 
0 100 200 300 400 500 600 700 800 

X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 



50( I I I I I 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

No. (pcf) (pcf) (psf) (deg) Param. (psf) No. 
WSTEfflL 1 120 125 50 30 0 0 w1 
QclSLlDE 2 120 125 . 0 20 0 0 w1 
Qrf 3 120 125 0 37 0 0 w1 
Qat 4 125 130 0 33 0 0 w1 
WCS 5 120 125 0 20 0 0 w1 
ucs 6 125 130 600 30 0 0 w1 
ENG FILL 7 130 135 200 35 0 0 w1 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
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ROCKY FLATS OLF - M&E C 18%W/BM - WCS=20 deg - WlHlGHGW - SLIDING BLOCK - STATIC 
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PCSTABL5MISI FSmin = 1.69 X-Axis (ft) I 

Factors Of Safety Calculated By The Modified Janbu Method 
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Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

No. (pcf) (pcf) (psf) (deg) Pararn. (psf) No. 
Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

120 125 50 30 0 0 w1 
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3 125 0 37 0 0 w1 
4 125 130 0 33 0 
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130 135 200 35 0 0 
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No. (pcf) (pcf) (psf) (deg) Pararn. (psf) No. 
WSTEFIL 1 120 125 50 30 0 0 w1 
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Qat 4 125 130 0 33 0 0 w1 
WCS 5 120 125 0 15 0 0 w1 
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ENQ FILL 7 130 135 200 35 0 0 w1 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
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Factors Of Safety Calculated By The Modified Janbu Method 
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ROCKY FLATS OLF - M&E D 18%W/BM - WCS = 20 deg - WIHIGHGW - SLIDING BLOCK - STATIC 
Ten Most Critical. C:DBHSSR.PLT By: STAN KLINE 03-04-05 12:20am 
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Factors Of Safety Calculated By The Modified Janbu Method 
PCSTABLSMISI FSmin = 1.63 X-Axis (ft) 
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Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

No. (pcf) (pcf) (psf) (deg) Param. (psf) No. 
WSTEFIL 1 120 125 50 30  0 0 W l  
QclSLlDE 2 120 125 0 20 0 0 w1 
Qrf 3 120 125 0 37 0 0 w1 
Qal 4 125 130 0 33 0 0 w1 
WCS 5 120 125 0 20 0 0 w1 
ucs 6 125 130 600 30 0 0 w1 
ENG FILL 7 130 135 200 35 0 0 .  W l  

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
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Factors Of Safety Calculated By Spencer's Method of Slices 
PCSTABL5M/SI FS = 1.73 Theta = 8.76 X-Axis (ft) 
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Ten Most Critical. C:DBHCOGR.PLT By: STAN KLINE 03-04-05 12:ZZam 

100 6 - 

I I I I 1 1 1 

Y-Axis 

Label 

WSTEFIL 
QcISLIDE 
Qrf 
Qal 
WCS 
ucs 
ENQ FILL 

Soil 
Type 
No. 
1 
2 
3 
4 
5 
6 
7 

Total 
Unit Wt. 

(pcf) 
1 20 
120 
120 
125 
120 
125 
130 

Saturated Cohesion 
Unit Wt. Intercept 

(PCf) (psf) 
125 50 
125 0 
125 200 
130 0 
125 0 
130 600 
135 200 

Friction 
Angle 
(degl 
30 
15 
30 
33 
15 
30 
35 

Pore 
Pressure 
Pararn. 

0 
0 
0 
0 
0 
0 
0 

Pressure 
Constant 

(psf) 
0 
0 
0 
0 
0 
0 
0 

Piez. 
Surface 

No. 
w1 
w1 
w1 
w1 
w1 
w1 
w1 

1 1 

0 100 200 300 400 500 600 700 800 

PCSTABL5M/SI FSmin = 0.97 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 
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ROCKY FLATS OLF - M&E D 18%W/BM - WCS= 15 deg - WlHlGHGW - CIRCULAR - 0.059 
Ten Most Critical. C:DBHC05R.PLT By: STAN KLINE 03-04-05 12:23am 
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120 125 50 30 0 0 w1 
120 125 0 15 0 0 w1 

Qrf 3 120 125 200 30 0 0 w1 
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ENG FILL 7 130 135 200 35 0 0 w1 
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Factors Of Safety Calculated By The Modified Bishop Method 
PCSTABL5M/SI FSmin = 1.02 X-Axis (ft) 
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Ten Most Critical. C:DBHSOGR.PLT By: STAN KLINE 03-04-05 1224am 
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Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

No. (pcf) (pcf) (psf) (deg) Pararn. (psf) No. 
WSTEFIL 1 120 125 50 30 0 0 w 1  
QclSLlDE 2 120 125 0 15 0 0 w 1  
Qrf 3 120 125 200 30 0 0 w 1  
Qal 4 125 130 0 33 0 0 w 1  
wcs 5 120 125 0 15 0 0 w 1  
UCS 6 125 130 600 3 0  0 0 w 1  
ENQ FILL 7 130 135 200 35 0 0 w 1  

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

I I 

200 

100 

0 
0 100 200 300 400 500 600 700 800 

PCSTABL5M/SI FSmin = 0.91 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Janbu Method 
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Ten Most Critical. C:DBHS05R.PLT By: STAN KLINE 03-04-05 12:26am 
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Surface #I -DBHS05R,OUT. C:DBHS05RS.PLT By: STAN KLINE 03-04-05 12:27am 
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ROCKY FLATS OLF - M&E A 18%W/BM - WCS= 15 deg - W/HIGHGW --CIRCULAR - 0.06g - TOE 
Ten Most Critical. C:ABHCOGT.PLT By: STAN KLINE 03-05-05 10:36pm 
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Factors Of Safety Calculated By The Modified Bishop Method 
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ROCKY FLATS OLF - M&E A 18%W/BM - WCS= 15 deg - W/HIGHGW =-CIRCULAR - 0.059 - TOE 
Ten Most Critical. C:ABHCOBT.PLT By: STAN KLINE 03-05-05 10:38pm 
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Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

No. (pcf) (pcf) (psf) (deg) Param. (psf) No. 
WSTEFIL 1 120 125 50 30 0 0 w1 
Qc/SLIDE 2 120 125 0 15 0 0 w1 
Qrf 3 120 125 200 30 0 0 w1 
Qal 4 125 130 0 33 0 0 w1 
WCS 5 120 125 0 15 0 0 w1 
ucs 6 125 130 600 30 0 0 w1 
ENG FILL 7 130 135 200 35 0 0 w1 

Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
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PCSTABL5M/SI FSmin = 1.02 X-Axis (ft) 
Factors Of Safety Calculated By The Modified Bishop Method 



ROCKY FLATS OLF - M&E B 18%W/BM - WCS = 20deg - WlHlGHGW - CIRCULAR - STATIC - TOE 
All surfaces evaluated. C:BBHCST.PLT By: STAN KLINE 03-06-05 12:28am 
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Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

No. (pcf) (pcf) (psf) (deg) Pararn. (psf) No. 
Label Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

120 125 50 30  0 0 w1 
120 125 0 20 0 0 w1 

Qrf 3 120 125 0 37 0 0 w1 
Qal 4 125 130 0 33 0 0 w1 
WCS 5 120 125 0 20 0 0 w1 
UCS 6 125 130 600 30 0 0 w1 
ENG FILL 7 130 135 200 35 0 0 w1 
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Ten Most Critical. C:BBHCOST.PLT By: STAN KLINE 03-06-05 12:29am 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

No. (pcf) (pcf) (psf) (deg) Pararn. (psf) No. 
WSTEFIL 1 120 125 50 30 0 0 w1 
QclSLlDE 2 120 125 0 15 0 0 w1 
Qrf 3 120 125 200 30 0 0 w1 
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WSTE/FIL 1 1 20 125 5 0  30 0 0 w1 
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Qal 4 125 130 0 33 0 0 w1 
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Soil Total Saturated Cohesion Friction Pore Pressure Piez. 

No. (pcf) (pcf) (psf) (deg) Pararn. (psf) No. 
WSTEFIL 1 1 20 125 50 30 0 0 w1  

120 125 0 15 0 0 w1 Qc/SLIDE 2 
Qrf 3 120 125 200 30 0 0 .  w1 
Qal 4 125 130 0 33 0 0 w1 
WCS 5 120 125 0 15 0 0 w1 
UCS 6 125 130 600 30 0 0 w1 
ENG FILL 7 130 135 200 35 0 0 w1 
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LANDFILL ENGINEERING - REGULATORY REVIEW DESIGN 
SETTLEMENT ANALYSIS 

1.0 INTRODUCTION 

The purpose of this calculation is to estimate the amount of foundation layer, waste layer and cover settlement and 
what impact the potential settlement would have on the cover system performance. 

2.0 LANDFILL DESCRIPTION AND LOCATION 

The Original Landfill site is located south of WETS Buildings 440 and 460, along the north hillside of a ravine in 
the Woman Creek drainage area, extending from approximate Elevation 6,040 feet at the top to Elevation 5,950 feet 
at its base. Waste operations began in the early 1950s and continued through 1968. The Original Landfill site 
footprint has a maximum length along the east-west direction of approximately 1,700 feet, and approximately 
500 feet in the north-south direction, with an approximate area on the order of 20 acres. Existing slope gradients 
range from approximately flatter than 6 to 1 (horizontal to vertical) to 2 to 1, with a total slope height from the top of 
the hillside to the Woman Creek drainage of about 90 feet. 

As part of the accelerated action at the Original Landfill, the existing slopes will be regraded to overall 18 percent 
slope with 2-foot soil cover and drainage improvements. In addition, a buttress at the toe of the landfill will be 
installed for stability enhancements. 

Several geotechnical investigations have taken place at the Original Landfill. This settlement calculations uses 
cross-section B-By developed by Metcalf & Eddy during a 1995 evaluation and further evaluated in 2004 by Earth 
Tech. 

3.0 REFERENCES 

1. WETS Geotechnical Investigation report for OU5. Metcalf & Eddy, September 1995. 

2. Chapter 6 - Engineering Properties of Municipal Solid Waste and Chapter 12 - Landfill Settlement, 
“Geotechnical Aspects of Landfill Design and Construction ”, Xuede Qian, Robert M. Koerner, Donald H. 
Gray, Prentice Hall, New Jersey, 2002. 

3. OLF Geotechnical Investigation Phase III Stability Analysis Technical Support Memorandum. Earth Tech, 
November 2004a. 
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4. Appendix B - Settlement Analyses, “Waste Containment Systems, Waste Stabilization, and Landfills: Design 
and Evaluation ”, Hari D. Sharma, Sangeeta P. Lewis, John Wiley & Sons, Inc., New York, NY, 1994. 

5 .  “Soil Mechanics”, Design Manual 7.1, NAVFAV DM-7.1, May 1982 

6. Accelerated Action Design for the Original Landfill Geotechnical Investigation Phase 3 Stability Analysis 
Technical Support Memorandum, Earth Tech, November 2004a. 

7. Accelerated Action Design for the Present Landfill RFETS 95% Design Revision 1 Submittal Volume 11 of II. 
Earth Tech, August 2004b. 

4.0 DESIGN CRITERIA 

These calculations were completed to evaluate the settlement of the proposed cover of the Original Landfill due to 
potential settlement of the landfill foundation, landfill waste, regrade material, and cover material. The settlement 
analysis will meet the following design criteria: 

1. Total differential settlement cannot have a negative impact on the slope of the landfill causing depressions 
where surface water may collect. 

2. Total differential settlement cannot allow the slopes to increase to the point of causing erosional problems. 

5.0 CALCULATIONS 

5.1 LANDFILL FOUNDATION SETTLEMENT ANALYSIS 

A foundation analysis is conducted to determine if the claystone that exist in the foundation of the landfill could 
contribute to the overall settlement of the cover system. The analysis determines if the compressive strength of the 
claystones (severely, moderately, and unweathered) is greater than the force applied by the materials placed above. 
To conduct the analysis, assumptions are as follows: 

0 From Original Landfill borehole logs (Earth Tech 2004a), the compressive strength as determined by a pocket 
penetrometer for the severely weathered claystone ranges from 1.6-3.3 tons/ft2. The compressive strength for 
the moderately weathered claystone ranges from 3.0-greater than 5 tons/ft2. Assume that the strength of the 
unweathered is greater than the moderately weathered. 

0 Rocky Flats Alluvium (RFA) will be used as the 2-foot cover and the regrade material. Assume maximum 
compaction which will result in higher densities and greater forces. From RFA samples during Present 
Landfill cover construction (Earth Tech 2004b), the greatest unit weight at optimum moisture is 142.3 lb/ft3. 

0 For Buttress Fill Material, Centennial or LaFarge Quarry “pit-fines” will be used, The greatest unit weight at 
optimum moisture is 138.0 lb/ft3 (see PF-7 in Appendix G). 
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0 For the waste, colluviudslide, valley fill alluvium, and weathered claystone unit weights, use those found in 
Original Landfill Phase III Investigation (Earth Tech 2004a) of 125 Ib/ft3 for waste, colluvium/slide, and 
weathered claystone and 130 Ib/ft3 for valley fill alluvium. 

The forces on the weathered claystone were calculated for the four points along section B-B' found in Attachment 
1. These points were chosen because point A has the thickest section of regrade material added which contributes 
to the forces causing settlement; Point B has the thickest amount of waste of the cross-sections; Point C has thick 
sections of both colluvium and weathered claystone; and Point D represents a point on the buttress over the valley 
fill alluvium. 

Table B-l 

The peak pressure acting upon the claystone bedrock foundation occurs at Point B and is estimated to be 
6544.8 lbs/ft2 (approximately 3.3 tons/ft2). As stated in section 5.1, the field compressive strength of the severely 
weathered claystone is 1.6-3.3 tons/ft2. Therefore, some settlement of this material can be expected to occur due 
to the additional weight of the material placed above. The moderately weathered compressive strength ranged 
from 3.0-greater than 5 tons/ft2 so settlement of this material may occur. For purposes of this calculation, settlement 
in the moderately weathered will be calculated. 

Potential settlement rates within the waste and cover system are determined in the following sections. 

5.2 LANDFILL WASTE SETTLEMENT 

Primary settlement of the waste layer can be assumed to have already occurred during the approximate 30-year 
waste placement process and the landfill has been closed for more than 10 years (Koerner 2002). 

Continued settlement of the waste layer may occur through the placement of the regrade material and cover system 
and long-term secondary settlement (Le., total settlement after 30 years of post-closure). The determination of the 
amount of waste settlement due to the placement of the regrade material and cover is presented in the following 
procedures using the Sowers Method (Sharma et. Al. 1994): 
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c c  P&AP 
AHP=H- 1% po l+e, 

Where: 

0 

0 

AH,, = Primary settlement of waste 

H = Initial waste thickness 

0 Cc = Primary Compression Index 

o The primary compression index used is that for solid waste though the waste fill material seen at the 
Original Landfill is mixed with fill material and a high unit weight of waste of 125 lbs/ft3 is used. This 
is a conservative approach that will result in more calculated settlement than using a typical waste unit 
weight like 75 lbs/ft3. 

o 

o 

Cc is derived from Figure 6.10 in Reference 2. To use the chart, initial void ratio (e,) ratio is needed. 

e, of 1.08 is found on Table 6.5 of Reference 2. 

o Using Figure 6.10 of Reference 2 with an initial void ratio of 1.08, the Cc is determined to be 0.3 for 
solid waste at a mid-level organic content. 

0 e, = waste estimated void ratio = 1.08 (as discussed above) 

0 Po = Effective stress at the center of the waste layer (Point A) 

o Po = (thickness of waste/2)( 125 lbs/ft3) = 625 lb/ft2 

0 AP = Change in overburden pressure due to cover system at the midlevel of the waste (Point A) 

o AP = (2.0)(142.3 lb/ft3) + (20 ft)(142.3 lbs/ft3) = 3130.6 lb/ft2 

Using the figure in Attachment 1, the waste layer settlement can be estimated at the locations (Points A 
through D) shown on the landfill cross-section: 
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Table B-2 

Point Location Thickness of Waste 

Long-term secondary settlement is given Sowers Method (Equation B.8 Attachment 5) :  

cs t2 AI%=Ho- log - 
l+e, tl 

Where: 

0 AH, = Secondary settlement of waste 

C, = Secondary compression index 
o 
o 

C, is determined from Figure 6.1 1 of Reference 2. 
C, = 0.03(e0) = 0.03( 1 .OS) = 0.032 

0 e, = waste estimated void ratio = 1.08 (as discussed in primary settlement calculation) 

0 H, = Initial thickness of waste layer after primary settlement 

0 t, = Starting time of secondary settlement (assumed to equal the completion of cover construction, i.e., year 1) 

0 t2 = Ending time of secondary settlement = 30 years 

Table B-3 

~~ ~ 

The maximum total settlement of 1.5 1 feet of the waste layer occurs at Point B where the waste is the deepest. 
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5.3 COVER SETTLEMENT 

The settlement of the remaining layers including the 2-foot cover, the regrade material, the buttress fill material, 
the colluvium material, and the weathered claystone is calculated with equation B.2 of Reference 3. The equation 
is identical to that of the primary waste settlement only for cohesive soils, the equation calculates the total 
settlement (both primary and secondary). Compression index and initial void ratio data were taken from 
Centennial “pit-fine” consolidation tests (see Appendix G). “Pit-fines” are the portion of the RFA where 100% 
passes the 0.50-0.75-inch sieve. Settlement or consolidation of this size particle is assumed to occur and not on 
the larger portions of the RFA. For the buttress fill, “pit-fines” from the LaFarge Pit are proposed which are 
screened identical to the Centennial Pit. To calculate the maximum possible settlement, the highest compression 
index and lowest initial void ratios of the 10 tests taken are used. The values are used for all layers. 

Table B-4 
Original Landfill - Settlement Estimation of Cover Components 

Point Location 

Note: Cc =0.130 from sample PF-8 and e, = 0.386 from sample PF-7. 
AP values for colluvium, valley f i l l  alluvium, and weathered claystone include force of waste. 
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5.4 SETTLEMENT SUMMARY 

A summary of the potential settlement of the Original Landfill waste, cover, and the subsequent decrease in top of 
landfill slope is provided in Table B-5. 

I 

Point B I 2.54 

* iginal Landfil 

Distance 
Between 
Points 
(feet) 

85 

155 

130 

Table B-5 

Elevations at 

18% 

13% 4%== 14% 

Revised Top 
of Landfill 
Slope @ 30 

Years 
(feet) 

6022.14 

6007.46 

5988 r5 5 

5970.01 

Revised 
Slope 

Between 
Point 

Locations 

17.3% 

12.2% 

14.3% 

Based on this analysis, the maximum settlement due to placement of the cover and 30-year post-closure period is 
approximately 2.86 feet at Point A. Since the slopes of the Original Landfill are 18%, slope reductions as a result of 
differential settlement are not problematic. However, an increase in the slope due to differential settlement could 
affect the erosion of the cover. If you assume that there is no settlement at A and the maximum settlement at B of 
2.54 feet the resulting slope is 20.6%. Placing this slope into the RUSLE software discussed in Appendix Cy the 
resulting rain erosion assuming Rocky Flats Alluvium in a mature state is 1.6 tons/acre/year or below 
RCWCERCLA guidance (wind erosion is 0.0 tons/acre/year). Therefore, calculated settlement after construction 
of the Original Landfill is acceptable. 

L\workU7378\Work\OLRhaft DesigniAppendicdAppendix B - Smlnnt\hafl- Appendix B.doc 
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ATTACHMENT 1 
LOCATION OF SETTLEMENT POINTS 
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APPENDIX C 

LANDFILL ENGINEERING - REGULATORY REVIEW DESIGN 
RAINFALL SOIL EROSION AND WIND EROSION LOSS CALCULATIONS 

1.0 INTRODUCTION 

The purpose of this calculation is to determine the erosion following seeding, the erosion after the vegetation has 
been established, and the long term erosion if vegetation does not establish on the final cover slopes at the 
Original Landfill located on the Rocky Flats Environmental and Technology Site (WETS). 

2.0 LANDFILL DESCRIPTION AND LOCATION 

The Original Landfill site is located south of WETS Buildings 440 and 460, along the north hillside of a ravine in 
the Woman Creek drainage area, extending from approximate Elevation 6,040 feet at the top to Elevation 5,950 feet 
at its base. Waste operations began in the early 1950s and continued through 1968. The Original Landfill site 
footprint has a maximum length along the east-west direction of approximately 1,700 feet, and approximately 
500 feet in the north-south direction, with an approximate area on the order of 20 acres. Existing slope gradients 
range from approximately flatter than 6 to 1 (horizontal to vertical) to 2 to 1, with a total slope height from the top of 
the hillside to the Woman Creek drainage of about 90 feet. 

As part of the accelerated action at the Original Landfill, the existing slopes will be regraded to overall 18 percent 
slope with 2-foot soil cover and drainage improvements. In addition, a buttress fill at the toe of the landfill will be 
installed for stability enhancements. 

3.0 REFERENCES 

Potential erosion for the Original Landfill was evaluated using guidelines provided in the following documents: 

1. “Technical Guidance For RCWCERCLA Final Covers.” 
Emergency Response, April 2002. 

“Regulations Pertaining to Solid Waste Disposal Sites and Facilities” (Regulations). 6 Colorado Code of 
Regulations (CCR) 1007-2, Colorado Department of Public Health and Environment. 

“Guidelines for the Use of the Revised Universal Soil Loss Equation (RUSLE).” Version 1.06. Terrance 
J. Toy and George R. Foster, August 1998. 

“National Agronomy Manual.” United States Department of Agriculture (USDA), October 2002. 

U.S. EPA, Office of Solid Waste and 

2. 

3. 

4. 

5. Soil Survey of Golden Area, Colorado. USDA, 1980. 
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4.0 DESIGN CRITERIA 

The attached calculations were used to evaluate the potential for rainfall and wind erosion at the Original Landfill 
and to determine whether additional erosion control measures are required. Evaluation of potential rainfall and 
wind erosion of the Original Landfill was based on the following design criteria: 

1. 

2. 

3. 

4. 

5.0 

5.1 

The Original Landfill consists of an 18% slope and a maximum drainage distance of approximately 
150 feet using diversion berms. The diversion berm spacing was determined in Appendix D to minimize 
diversion berm watershed areas to allow the use of check dams to control sediment. 

The buttress fill consist of a 3H:lV (33%) sideslopes and a maximum drainage distance of 65 feet. 
Erosion from channel sideslopes will be less than buttress fill sideslopes due to smaller flow lengths and 
the use of Rocky Flats Alluvium (MA) which has a greater percentage of rocks. Therefore, any 
calculation done for the buttress sideslope can be assumed to be the same as the channel sideslopes. 

As guidance only, the design erosion rate shall not exceed 2.0 tons/acre/year per Section 2.2.5.3 of the 
Technical Guidance for RCWCERCLA Final Covers (EPA 2002). 

A.) The annual production of native grasses at WETS is 1.26 grams per square meter (g/m2) or 
1,128 lbdacre, based on data provided by Jody Nelson, Senior Ecologist at WETS. The number was 
derived from a 199311994 study when the annual rainfall was 12.0-12.5 inches or below the average of 
15 inches. 

B.) Erosion calculations will be performed on the cover soils without vegetation to understand the 
significance or lack of significance of vegetation on the long term integrity of the soil cover. 

CALCULATIONS 

RAINFALL EROSION CALCULATION METHODOLOGY 

The soil erosion rate due to rainfall was calculated using the Revised Universal Soil Loss Equation (RUSLE). The 
RUSLE predicts the average soil losses in runoff from a given site based on specific physical and management 
erosion variables. The soil loss equation is as follows: 

A =  R x  K x  LS x C x P 
Where: 

b A is the computed soil loss per unit area in tons per acre per year 

b R is the rainfall and runoff factor which varies with location and climate 

e K is the soil erodibility factor 



A INTERW7XX'AL L I D  C C W f b W Y  Sheet C3 
5575 DTC Parkway, Suite 200 
Englewood, Colorado 801 1 I 
Project: WETS - OriPinal Landfill Accelerated Action 

Subject: Landfill Engineering - Rainfall Soil Erosion and Wind Erosion Loss Calculations 
By: REA Date: 3/20/05 Chk By: Date: APP BY: Date: 

Date: 3/30/05 Project No. 57378.6020 

0 LS is the topographic factor (slope-length factor/slope steepness factor) that accounts for the site slope 
gradient and length of slope 

0 C is the cover and management factor that accounts for the ground cover (grass, weeds, etc.) 

P is the support practice factor that accounts for contouring, terracing, or other runoff control devices 0 

The USDA has developed a program that computes rainfall soil erosion using data for different sections of the 
country. This data is contained in databases that have been incorporated into the RUSLE program. Input values 
for the RUSLE software program are based on site-specific information and a database of information that is part 
of the RUSLE program. Version 2 of the RUSLE program was downloaded from 
htt~:/ /bioen~~.a~.utk.edu/rusle2/ for use in these calculations. Use of this software is suggested by the 
Technical Guidance for RCWCERCLA Final Covers (EPA 2002). 

5.1.1 RAINFALL EROSION CALCULATIONS 

All RUSLE factors are determined by the software or entered manually and the tons/acre/year of rainfall erosion 
is then computed. The factors used are as follows: 

R Determination 

The rainfall and runoff factor is the average annual total of the storm energy and intensity values in a given 
location. The R factor for the Denver, Colorado area is 40. 

R=40 

K Determination 

Sieve analysis results from the Centennial Quarry (potential borrow area) of RFA with rock fragments removed 
shows, according to the USDA system (USCS sieve data and USDA textural triangle found in Attachment 5 - 
APR-1 used due to a greater percentage of fines), a classification of sandy loam. For this analysis, a classification 
of sandy loam with 30% rock fraction is used as a conservative approach resulting in an erodibility factor of 
0.283. However, the sieve analyses show that the fraction of rock larger than l-inch in the RFA is greater than 
40%. 

Alternatively, the K factor for RIA to determine the long-term erodibility can be determined from the Soil Survey 
of Golden Area, Colorado (USDA 1.980). As shown on the map from the Soil Survey (Attachment 3), the RIA 
falls under the number 45 soil type. Table 15 (Attachment 3) of the Soil Survey shows a K factor of 0.05 for the 
undisturbed or natural state of the top 13 inches of type 45 soils. This K factor is used to determine the long term 
rain erosion if the planted vegetation does not fully establish and the soil has returned to a natural state with 
higher percentages of rock exposed. 
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The design proposes the use of a clayey sand for construction of the buttress fill. The material will be brought 
from the same local borrow sources as those used for construction of the Present Landfill. Two samples of the 
material are shown in Attachment 5 .  These are also converted to USDA classification and sample CUP-3 is 
selected for the erosion calculation due to its larger percentage of fines. 

LS Determination 

The LS factor is a combination of the slope length factor and the slope steepness factor. The software uses the 
input slope length and input slope steepness or grade to calculate the LS. In addition, the software accounts for 
the changes in the length factor based on erosional rill or small erosional channel development. For this reason, 
the LS factors vary for each condition, i.e. bare, mulch, or grass. The mulch condition begins with higher ridges 
on the surface, which increases the size of the erosion rills, and therefore increases the LS factor to greater than 
that of the bare condition. The soil erodibility factor, K, has no affect on the LS determination resulting in 
identical LS factors for bare with K equal to 0.283 and bare with K equal to 0.05. The cover slope is a maximum 
of 150 feet with an 1 8% assuming diversion berms are placed every 150 feet. The buttress fill sideslope is 65 feet 
with a 33% slope. The LS is then computed. 

L s c o v e r  - bare = 3*44 
L s c o v e r  - mulch = 3-55 
L s c o v e r  - grass = 3-25 

Lsbuttress - bare = 4-50 
Lsbuttress -mulch= 4+48 
Lsbuttress - grass = 4.54 

C Determination 

To calculate the cover management factor, the software requires input of the management of the soil. The cover 
will be bladed, seeded, and mulched. Once the vegetation is established, the management factor is based on 
“dense grass” or the grass condition typical at Rocky Flats as described the Section 4.0, number 4. The soil 
erodibility factor, K, has no affect on the C determination resulting in identical C factors for bare with K equal to 
0.283 and bare with K equal to 0.05. 

P Determination 

The support practice factor accounts for any runoff control devices such as contours or terraces (diversion berms). 
P is also affected by ridges caused by depositing sediment on the slope when runoff is occurring. The soil 
erodibility factor, K, has no affect on the P determination resulting in identical P factors for bare with K equal to 
0.283 and bare with K equal to 0.05. These ridges are only a small factor and therefore the numbers are close to 
1 .OO and have little affect on the calculation. 
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pcover - bare = 0.985 
pcover - mulch = *02 
Pcov,, - glass = 0.985 

Pbuttress - bare = 0.998 
Pbuttress - mulch = 1 eo0 
Pbuttress - grass = 0.999 

A Determination 

The factors are then used to obtain the soil loss in tons/acre/year. RUSLE software input and output can be found 
in Attachment 1. The “dense grass” condition represents 1,120 lbdacre of native grass (see Section 4.0). The K 
factors were varied to represent erosion using the RUSLE software and the SCS numbers. RUSLE software 
output is as follows: 

Table C-1 

RFA (K4.05) 

1.3 tons/acre/year construction with no erosion 

Seed/Mulc h I I 
Disturbed soil immediately after 
construction with seed and 3.6 tonslacre/year NA 

mulch 
TemDorary Erosion Control 
Disturbed soil immediately after 
construction with seed, mulch o.53 NA 

and temporary erosion mat 

Permanent Erosion Control NA NA 

Established Vegetation 1.9 tons/acre/year 0.34 ton/acre/year 

I 
I 3.8 tons/acre/year 

NA I 
5.4 tons/acre/year 

As evident in the RUSLE output, using a K of 0.283 for the cover slope results in rain erosion above or near the 
guidance criteria unless temporary erosion mat is used. Once vegetation is established the rain erosion will 
decrease from 1.9 tons/acre/year to 0.34 tons/acre/year after RFA reaches a mature state. If vegetation does not 
establish, the erosion rate will decrease to 1.3 tons/acre/year. The buttress sideslope rain erosion is above the 
guidance unless permanent erosion control is used resulting in a predicted rain erosion of 0.34 tons/acre/year. 

5.2 WIND EROSION LOSS CALCULATION METHODOLOGY 

Wind erosion on the Original Landfill was determined with the Wind Erosion Equation (WEQ) using the 
methodology provided in the National Agronomy Manual (NAM) (USDA 2002) (Attachment 2). 
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5.2.1 WEQ CALCULATIONS 

The following determination of wind erosion uses the WEQ found in the NAM (Attachment 2). The WEQ is not 
a straight-line mathematical relationship but is a function of several factors. The WEQ is as follows: 

E = f(lKCLV) 

Where: 

0 

0 

e 

0 C = climatic factor 
0 

0 

E = estimated average annual soil loss due to wind (tons/acre/year) 

I = soil erodibility index 
K = soil surface roughness factor 

L = the unsheltered distance 
V = the vegetative cover factor 

0 f = function of (not a straight-line mathematical relationship) 

I Determination 

The Soil Survey of Golden Area, Colorado (USDA 1980) was used to help determine the soil erodibility index or I 
factor. As shown on the map from the Soil Survey (Attachment 3), RFA falls under the number 45 soil type. Table 
15 (Attachment 3) of the Soil Survey shows a wind erodibility group (WEG) of 8 for the type 45 soil. 

The I factor is then determined using Exhibit 502-2 of the NAM (Attachment 2). As shown on Exhibit 502-2, 
WEG 8 is not susceptible to wind erosion. However, it is assumed that wind erosion of disturbed soil immediately 
after construction will occur at the OLF so a different WEG is selected. Sieve analysis results from Centennial 
Quarry RFA with rock fragments removed (Attachment 5) shows, according to the USDA system, a sandy loam 
falls under WEG 3 which has a soil erodibility index of 86 tons/acre/year. 

WEG 8 is used to determine the long term wind erosion if the planted vegetation does not fully establish and the soil 
has returned to a natural state with higher percentages of rock exposed. 

IWEG 8 = 0 

Buttress fill material falls under the sandy clay loam classification and is therefore WEG 5. 

IWEGS = 56 

K Determination 

The soil roughness factor (K) considers both ridge roughness (Kd) and random roughness (K,) values. Values 
closer to 1.0 for both the Kd and the K, equate to shorter ridge heights and less wind dissipation by random 
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roughness. Shorter ridge heights and less random roughness lead to greater soil wind erosion because ridges absorb 
and deflect wind energy and trap moving particles (NAM Section 502.32). Figure 5024 (page 502-10 of the NAM) 
shows that at a 0 inch ridge height, Kd is equal to 1.00. Exhibit 502-6 (Table 502-6) shows that at a short random 
roughness of 0.2 the K, is 1 .OO. The K factor is obtained by multiplying Kd by K,. 

K = (KdKrr) 
K = (1 .OO)( 1 .OO) = 1 .OO 

K = 1 .OO (conservative approach) 

C Determination 

The climatic factor (C) is an index of the factor accounting for wind speed and surface soil moisture of a given 
region ( N A M  Section 502.33). As outlined in Section 502.33 of the NAM, the C factor is determined by use of 
isoline maps found at the NRCSIUSDA website. The figure at the end of Attachment 2 shows the isoline map for 
the Rocky Flats area. 

C =  30 

L Determination 

The L factor is the unsheltered distance along the prevailing wind erosion direction. Wind-rose diagrams for Rocky 
Flats found in Attachment 5 show a prevailing wind of W-NW. As shown in Attachment 4, the longest distance on 
the OLF from the W-NW is 1070 feet. 

L = 1070 feet 

V Determination 

The vegetative cover factor (V) is the equivalent in pounds per acre of small-grain residue provided by the cover 
crop. Using the tables in Exhibit 502-10, Figure a-1 for mulch (flat winter wheat residue) and Figure d-8 for 
ungrazed mixtures of grass, the V factor is determined. For bare conditions, the V factor is assumed to be 0. For 
mulch or flat winter wheat residue, the V factor is determined by assuming 3,000 lbs/acre of mulch or small grain 
residue will be applied (4,000 Ibs/acre will actually be placed). This 3,000 Ibs/acre of small grain residue results in 
an equivalent flat small grain residue (V factor) of 3,700 lbs/acre. For the native grasses, lY128-lbs/acre yield 
(rounded down to 1,100 lbslacre) discussed in Section 4.0 is used which results in an equivalent flat small grain 
residue (V factor) of 2,600 Ibdacre. 

VBam = 0 lbs/acre 
VMulch = 3,700 lbs/acre 
VGrilss = 2,600 lbdacre 
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E Determination 

As discussed in Section 502.30 of the NAM, the soil loss due to wind erosion, or E factor, is determined using E 
tables found on the Kansas State University website. 

The table matching the factors determined for the OLF (I=86, K=l.OO, C=30, L=1070, and V=O, 2,600, and 3,700) is 
shown at the end of Attachment 2 (Subpart G - Exhibits). The tables do not include V factors above 1,500 lbdacre 
because the wind erosion with these factors is negligible. Therefore, a V factor of 1,500 lbs/acre is assumed for both 
mulch and established grass on the cover slope. For the buttress sideslope (I=56, K=l.OO, C=30, L=1070, and V=O, 
2,600, and 3,700) a V factor of 1,250 lbdacre is assumed for both mulch and established grass. For both the cover 
slope and the buttress, it is assumed that wind erosion with erosion mat is the same as that of mulch. Using these 
factors the wind erosion is as follows: 

Table C-2 

CONDITION 

rbed soil immediately after 
construction with no erosion 2 1.6 tons/acre/year 0.0 tons/acre/year 1 1.8 tons/acre/year 
control 

SeedMulch 
Disturbed soil immediately after 
construction with seed and 0.60 tons/acre/year NA 0.40 tons/acre/year 

mulch 
Temporary Erosion Control 
Disturbed soil immediately after 
construction with seed, mulch 
and temporary erosion mat 

Permanent Erosion Control NA NA 0.40 tons/acre/year 

Established Vegetation 0.60 tons/acre/year 0.0 tons/acre/year 0.40 tons/acre/year 

NA NA o.60 
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6.0 CONCLUSIONS 

The table below presents the results of both the rain and wind erosion calculations: 

Table C-3 

CONDITION RFA MATURE RFA SIDESLOPE 
(tons/acre/year) (tons/acre/year) (tons/acre/year) 

Bare Disturbed soil immediately after Rain: 7.50 Rain: 1.30 Rain: 18.0 
Wind: 2 1.6 Wind: 0.00 Wind: 11.8 construction with no erosion 
Total: 29.1 Total: 1.30 Total: 29.8 control 

SeedMulch Rain: 3.60 Rain: 3.80 
Disturbed soil immediately after Wind: 0.60 NA Wind: 0.40 
construction with seed and Total: 4.20 Total: 4.20 
mulch 
Temporary Erosion Control Rain: 0.53 

Wind: 0.60 NA Disturbed soil immediately after 
construction with seed, mulch Total: 1.13 
and temporary erosion mat 
Permanent Erosion Control 

NA NA 

Established Vegetation Rain: 1.90 Rain: 0.34 
Wind: 0.60 Wind: 0.00 
Total: 2.50 Total: 0.34 

NA 

Rain: 0.34 
Wind: 0.40 
Total: 0.74 
Rain: 5.40 
Wind: 0.40 
Total: 5.80 

Cover Slope 

On the cover slope, the design of the Original Landfill (including diversion berms) will meet the guidance criteria 
for erosion of 2 tons/ac/yr with Rocky Flats Alluvium in its mature state. The following is recommended until this 
condition is reached: 

0 

0 

0 

0 

The initial disturbed soil will be seeded, mulched, and covered with 3-year longevity erosion control mat. 
As vegetation establishes, the erosion mat degrades, the total erosion is predicted at 1.13 tons/acre/year. 
As the surface matures, exposing more of the rock fraction of the RFA, the erosion rate is predicted to be 
0.34 tons/ac/year if vegetation is established and 1.30 if not. 
Should the vegetation not establish or climatic conditions exist to reduce the vegetation, the erosion rate will 
not increase beyond that of the bare, mature Rocky Flats Alluvium of 1.30 tons/ac/year (below the guidance 
criteria). 
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Buttress Fill SidesloDes 

The buttress fill sideslopes will not meet guidance criteria unless permanent erosion mat is used so the following 
is recommended: 

0 The initial disturbed soil will be seeded and mulched, and permanent erosion mat will be applied to the 
surface resulting in a predicted total erosion rate of 0.74 tons/acre/year (below the guidance criteria). 

Summary 

The erosion calculations demonstrate that when the two feet of RFA on the cover reaches a mature state, 
vegetation is not required to meet the EPA guidance criteria of 2 tondadyear and to protect the soil cover. 
However the design of the soil cover will include seeding, mulching, and erosion mat to develop vegetation as 
discussed in the Original landfill IM/IRA. On the buttress fill sideslopes, permanent erosion control mat is 
required to meet EPA guidance. 
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APPENDIX C 

ATTACHMENT 1 
RUSLE INPUT/OUTPUT 



COVER SLOPE EROSION WITH TEMPORARY EROSION MAT 
The RUSLE software does not contain erosion mat as an alternative for “Base management”. North American 
Green C125 temporary erosion mat has a cover factor (C in the RUSLE) of 0.07 (NAG C125 Performance 
Specification). To calculate the soil loss on the cover with C125, the “bare” cover erosion is multiplied by an 
additional cover factor of 0.07 This simulates the condition following seeding with C 125 applied to the soil 
cover. 

A (bare) = (7.5 ton/ac/yr)(O.O7) = 0.53 ton/ac/yr 

L:\work\57378\ WorklOLFDrajl DesignMppendicesMppendk C - ErosionICover Slope Output 3-2O.doc 
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Agronomy 
Manual 

October 2002 

The United States Department of Agriculture (USDA) prohibits 
discrimination in all its programs and activities on the basis of race, color, 
national origin, gender, religion, age, disability, political beliefs, sexual 
orientation, and marital or familial status. (Not all prohibited bases apply to 
all programs.) Persons with disabilities who require alternate means for 
communication of program information (Braille, large print, audiotape, 
etc.) should contact the USDA’s TARGET Center at (202) 720-2600 (voice 
and TDD) . 

To file a complaint of discrimination, write USDA, Director, Office of Civil 
Rights, Room 326W. Whitten Building, 14th and Independence Avenue, SW, 
Washington, DC 20250-9410, or call (202) 720-5964 (voice or TDD). USDA is 
an equal opportunity employer. 

(190-V-NAM. 3rd Ed., October 2002) 
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Part 500 Authorities, Policies, and 
Responsibilities 

500.01 

The National Agronomy Manual (NAM) contains policy for 
agronomy activities and provides technical procedures for 
uniform implementation of agronomy tools and applica- 
tions. 

Purpose of the Agronomy Manual 
Subpart 500A Authority 

500.00 Soil Conservation and Domestic 
Allotment Act of 1935 

The basic legislation for soil and water conservation pro- 
grams by the Natural Resources Conservation Service 
(NRCS) is the Soil Conservation and Domestic Allotment 
Act, Public Law 74-46 of 1935 (16 U.S.C. 590a-5909. 
This original act recognized that agronomy, the science of 
field crop production, is essential in fulfilling the agency’s 
responsibilities. The Buchanan Amendment to the Agricul- 
tural Appropriations Bill for FY 1930 (Public Law 70-769) 
led to the enactment of Public Law 74-46. In 1933, the Soil 
Erosion Service was established as a temporary agency of 
the Department of the Interior. The agency was transferred 
to USDA in 1935 and named the Soil Conservation Service 
(SCS). In 1994, the Natural Resources Conservation Service 
was established by Public Law 103-354, the Department of 
Agriculture Reorganization Act (7 U.S.C. 6962). 

The NRCS combines the authorities of the former Soil Con- 
servation Service as well as five natural resource conserva- 
tion cost-share programs previously administered by other 
USDA agencies. The mission of the NRCS is to provide 
leadership in a partnership effort to help people conserve, 
maintain and improve our natural resources and environ- 
ment. NRCS provides technical assistance through local 
conservation districts on a voluntary basis to land users, 
communities, watershed groups, Federal and State agencies, 
and other cooperators. The agency’s work focuses on ero- 
sion reduction, water quality improvement, wetland restora- 
tion and protection, fish and wildlife habitat improvement, 
range management, stream restoration, water management, 
and other natural resource problems. 
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Subpart 500B Agronomic policies 

500.10 Location of policy 

Agronomic policies are contained in specific parts and sub- 
parts of this National Agronomy Manual as appropriate. 

I 
500.11 Amendments to NAM 
The NAM will be amended as needed, as additional re- 
search is completed, existing methods or procedures are u p  
dated, or as new technology is developed and approved for 
use in the NRCS. The national agronomist is responsible for 
updating this manual. 

Subpart 500C Responsibilities of 
agronomists 

500.20 Responsibilities of national, State, 
area, and field agronomists 

The national agronomist, nutrient management, and pest 
management specialists at the national level, cooperating 
scientists for agronomy, and agronomists on the institutes 
and center staffs provide staff assistance in all NRCS pro- 
grams and provide national leadership on NRCS agronomy 
related activities. They are responsible for: 

assisting upper management in formulating and 
recommending national policies, procedures, and 
standards; 
technical leadership and guidance; quality 
control; 
national coordination of agronomy with other NRCS 
technical fields; and 
promoting and maintaining relations with groups and 
agencies that have common interest in agronomy. 

State agronomists provide staff assistance to the State Con- 
servationist for all agronomy and related functions. They 
are responsible for: 

. 

. 

. . 

. 

. 

. 

Assisting in developing State policies, procedures, 
and instructions, and coordinating them with other 
States within the region. 
Providing technical leadership and guidance to other 
agronomists and appropriate personnel within the 
State. 
Collaborating with other State staff members to ensure 
interdisciplinary action in all NRCS progtams. 
Training field personnel. 
Participating in agronomy components of appraisals 
andreviews. 
Maintaining working relations with research centers 
andother cooperating agencies. 
Developing and revising of all aspects of Field Office 
Technical Guides related to agronomy. 
Providing assistance in interdisciplinary technical 
reviews of project plans, environmental impact 
statements, and other technical materials. 
Coordinating agronomy functions with other States in 
the region and across regional boundaries as appro- 
priate. 
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Area or zone agronomists provide staff assistance in all 
NRCS programs. They are responsible for carrying out the 
requirements of conservation agronomy consistent with 
technical proficiency, training, interdisciplinary action, and 
quality control within their administrative area. In some 
cases, these agronomists may carry out some of the respon- 
sibilities of the state agronomists if so delegated. 

Field office agronomists are usually in training positions. 
Training is provided by agronomists at the area or State 
level. 

Agronomists in the above positions may provide specific 
functions through team or ad hoc assignments at a national, 
regional, or State level. 

Each agronomist has the responsibility to develop their 
training needs inventory and to work with their supervisor 
to obtain technical training to improve their overall agro- 
nomic expertise. 

Standards of performance for agronomists are contained in 
the NRCS Peisonnel Manual. a - 
50030 Technical information-preparing, 

transferring, and training 

Agronomists use technical information that has been devel- 
oped at centers, institutes, national, or State level and main- 
tain technical materials for the administrative area they 
serve. State staff agronomists develop and review field of- 
fice technical guide materials and ensure materials are tech- 
nically correct, comprehensive, and useful to the end user. 
NRCS policy on preparing and maintaining technical guides 
is in Title 450-GM, Part 401. In addition, state agronomists 
are responsible for technical notes and other agronomy 
technical materials that are applicable to the State. 

Agronomists issue technical information at the area, state, 
or national level. This may include original information, re- 
search notes, papers, or excerpts of such material. Agrono- 
mists are encouraged to submit articles for publication or 
presentation at professional meetings. Technical informa- 
tion presented or prepared for publication shall have an ap- 
propriate technical and or administrative review and include 
crediting of appropriate references. 

Agronomists receive and provide training necessary to 
maintain technical competency at all administrative levels. 
Training includes but is not limited to National Employee 
Development Courses, workshops, conferences, and univer- 
sity courses. 

500.40 Certification 

Agronomists at all levels of the agency are encouraged to 
obtain professional certification(s). Examples of certifica- 
tion programs include the Certified Crop Adviser (CCA) 
and Certified Professional Agronomists (CPAg) under 
ARCPACS of the American Society of Agronomy, Certi- 
fied Professional in Erosion and Sediment Control 
(CPESC) of the Soil and Water Conservation Society, and 
state pesticide applicator licenses. Continuing educational 
requirements of most certification programs provide excel- 
lent opportunities to stay abreast of advances in technology. 

500.50 Affiliation with professional organi- 
zations 

Agronomists at all levels are encouraged to be active mem- 
bers of professional scientific societies, such as the Ameri- 
can Society of Agronomy, Soil Science Society of America, 
Crop Science Society of America, the Soil and Water Con- 
servation Society. These organizations provide opportuni- 
ties to interact with researchers at the national and State 
level and to stay current on the latest technology. 
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Part 501 Water Erosion 

Subpart 5OlA Introduction Subpart 501B Watererosion 

501.00 Overview of Content in Part 501 Wa- 
ter Erosion 

Part 501 presents Natural Resources Conservation Service 
(NRCS) policy and procedures for estimating soil erosion 
by water. It explains the types, the method used to estimate, 
and the control of soil erosion by water. NRCS technical 
guidance related to water erosion shall conform to policy 
and procedures set forth in this part. 

The Agricultural Research Service (ARS) has primary re- 
sponsibility for erosion prediction research within the U.S. 
Department of Agriculture (USDA). ARS is the lead agency 
for developing erosion prediction technology, including the 
Revised Universal Soil Loss Equation (RUSLE). The tech- 
nology in RUSLE is documented to the publication Predict- 
ing Soil Erosion by Water: A Guide to Conservation Plan- 
ning With Revised Universal Soil Loss Equation, U.S. De- 
partment of Agriculture Handbook 703, hereafter referred 
to as Agriculture Handbook 703. 

501.10 Forms of water erosion 

Forms of soil erosion by water include sheet and rill, 
ephemeral gully, classical gully, and streambank. Each suc- 
ceeding type is associated with the progressive concentra- 
tion of runoff water into channels as it moves downslope. 
Sheet erosion, sometimes referred to as interrill erosion, is 
the detachment of soil particles by raindrop impact and the 
removal of thin layers of soil from the land surface by the 
action of rainfall and runoff. Rill erosion is the formation of 
small, generally parallel channels formed by runoff water. 
Rills usually do not re-occur in the same place. Ephemeral 
gullies are concentrated flow channels formed when rills 
converge to form shallow channels. They are alternately 
filled with soil by tillage operations and re-formed in the 
same general location by subsequent runoff events. Classi- 
cal gullies are also concentrated flow channels formed when 
rills converge. These are well defined, permanent incised 
drainageways that cannot be crossed by ordinary farming 
operations. 

Other forms of erosion that are related to soil erosion by 
water include stream channel and geologic. Stream channel 
erosion refers to the degradation of channels and water- 
ways. Geologic erosion refers to long-term erosion effects, 
as opposed to accelerated erosion events discussed in the 
Subpart. 

No reliable methods exist for predicting the rate of ephem- 
eral gully, classical gully, stream channel, or geologic ero- 
sion. The remainder of this part deals only with prediction 
and control of sheet and rill erosion. 

501.11 The water erosion process 

The processes of sheet and rill erosion are detachment, 
transport, and deposition of soil particles caused by rain- 
drop impact and surface runoff. 

Detachment is the removal ofparticles from the soil mass 
and is expressed in units, such as tons per acre. When soil 
particles are removed from the mass, they are referred to as 
sediment. 
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The movement of sediment downslope is sediment trans- 
port. A measure of sediment transport is sediment load. 
Sediment load on a slope increases with distance downslope 
as long as detachment is occumng. That is, detachment 
adds to the sediment load. 

Where runoff is slowed at the base of a slope or by dense 
vegetation, deposition occurs, which is the transfer of sedi- 
ment from the sediment load to the soil mass. That is, depo- 
sition removes sediment from the sediment load, and accu- 
mulates on the soil surface. 

Two types of deposition, remote and local, occur. Remote 
deposition occurs some distance away from the origin of the 
sediment. Deposition at the toe of a concave slope, on the 
uphill side of vegetative strips, and in terrace channels are 
examples of remote deposition. Local deposition is where 
sediment is deposited near, within several inches, of where 
it is detached. Deposition in microdepressions and in low 
gradient furrows are examples of local deposition. 

0 

Subpart 501C Estimating 
sheet and rill erosion 

501.20 How, why, and by whom water ero- 
sion is estimated 

NRCS estimates soil erosion by water as part of its techni- 
cal assistance to land users. In conservation planning, era- 
sion estimates are made for an existing management system 
and compared with alternative systems and with soil loss 
tolerance, T, values. 

In addition, soil loss estimates are used to inventory natural 
resources, evaluate the effectiveness of conservation pro- 
grams and land treatment, and estimate sediment production 
from fields that might become sediment yield in watersheds. 

In March 1995, NRCS adopted RUSLE as the official tool 
for predicting soil erosion by water. NRCS continues to use 
USLE for certain provisions of Farm Bill programs and for 
the NRCS National Resources Inventory (NRI). 

501.21 Methods of estimating sheet and rill 
erosion 

Efforts to predict soil erosion by water started in the 
1930’s. Cook (1 936) identified the major variables that af- 
fect erosion by water. Zingg (1940) published the first 
equation for calculating field soil loss. Smith and Whitt 
(1 947) presented an erosion-estimating equation that in- 
cluded most of the factors present in modem soil loss equa- 
tions. The Musgrave equation (Musgrave 1947) was a soil 
loss equation developed for farm planning. Finally, an ef- 
fort was initiated to develop a national equation from the 
various state and regional equations that existed in the 
1950’s. In 1954, the Agricultural Research Service estab- 
lished the National Runoff and Soil Loss Data Center at 
Purdue University in West Lafayette, Indiana, to consoli- 
date all available erosion data. Using the data assembled at 
the Data Center, Wischmeier and Smith (1965) developed 
the Universal Soil Loss Equation (USLE). 

The USLE was a consolidation of several regional soil loss 
equations, and was based on summarizing and statistical 
analyses of more than 10,000 plot-years of basic runoffand 
soil loss data from 49 U.S. locations (Agriculture Hand- 
book 703, 1997; Wischmeier and Smith 1965, 1978). 
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The USLE was designed to provide a convenient working 
tool for conservationists. It quantifies soil erosion as a prod- 
uct of six factors representing rainfall and runoff erosive- 
ness, soil erodibility, slope length, slope steepness, cover- 
management practices, and supporting practices. 

501.22 The Revised Universal Soil Loss 
Equation 

Since March 1995, the Revised Universal Soil Loss Equa- 
tion (RUSLE) has been used by NRCS to estimate soil loss 
by water (Agriculture Handbook 703.). 

RUSLE predicts long-term average annual soil loss from 
sheet and rill erosion. RUSLE is an update of the Universal 
Soil Loss Equation (USLE) as described in Agriculture 
Handbook 537 (Wischmeier and Smith 1978). RUSLE uti- 
lizes a computer program to facilitate the calculations. 
RUSLE technology reflects the analysis of research data 
that were unavailable when Agricultural Handbook 282 
(Wischmeier and Smith 1965) and Agriculture Handbook 
537 were completed. a 
501.23 Limitations of the equation 

The term Universal distinguishes the USLE and RUSLE 
from State and regionally based models that preceded them. 
However, the use of the USLE and RUSLE is limited to 
situations where factors can be accurately evaluated and to 
conditions for which they can be reliably applied 
(Wischmeier 1978; Agriculture Handbook 703,1997). 

RUSLE predicts long-term average annual soil loss camed 
by runoff from specific field slopes under specified cover 
and management systems. It is substantially less accurate 
for the prediction of specific erosion events associated with 
single storms and short-term random fluctuations. 

RUSLE also estimates sediment yield for the amount of 
eroded soil leaving the end of a slope with certain support 
practices (see 501.35). It does not predict sediment yield 
for the amount of sediment that is delivered to a point in a 
watershed, such as the edge of a field, that is remote from 
the origin of the detached soil particles. Nor does RUSLE 
predict erosion that occurs in concentrated flow channels. 

d 

501.24 Alternative methods of applying 
RUSLE 

A R S  released RUSLE in 1992 as a computer program in the 
DOS environment. The model calculates soil loss from a 
field slope using values for each factor and using data ele- 
ments from climate, plant, and field operation data bases. 

I 

Since 1993, RUSLE has been implemented in many NRCS 
field offices in hardcopy form in the Field Oflice Technical 
Guide (FOTG). State and area agronomists have developed 
tables and charts containing values for each of the RUSLE 
factors. Since the RUSLE module in Field Ofice Comput- 
ing System (FOCS) is no longer supported by the Informa- 
tion Technology Center, NRCS will continue to implement 
RUSLE technology using charts and tables in the FOTG. 

501.25 Data needed to support RUSLE 

RUSLE uses soil erodibility, K, values from the NASIS 
Soils Database. Climatic data is obtained from National 
Weather Service weather stations with reliable long-term 
data. State and area agronomists have developed cover and 
management factor, C, values for common cropping sys- 
tems. 

The crop data base in the DOS RUSLE program contains 
plant growth and residue production parameters. These 
variables for key crops are listed in chapter 7 of Agriculture 
Handbook 703. Values for many of these parameters are 
available in a data base for a wide variety of plants. A user 
interface, the Crop Parameter Intelligent Data System 
(CPIDS) (Deer-Ascough et al. 1999, allows the user to 
search the data base. The USDA, ARS, National Soil Ero- 
sion Research Laboratory, West Lafayette, Indiana, main- 
tains CPIDS. 

Development and maintenance of data bases used by NRCS 
in erosion prediction models are the responsibility of NRCS 
agronomists at the State and national levels. Refer to Part 
509 in this Manual for more detailed information on data 
base management and instructions. The national agronomist 
maintains a data base management plan that identifies the 
process of developing and maintaining data bases needed to 
support RUSLE. Data bases for some States are available in 
electronic format on the Fort Worth server. 
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501.26 Tools for using RUSLE 

Maps of rainfall and runoff factors, R and Res (see part 
501.3 1) for the continental United States plus Hawaii are 
available in Agriculture Handbook 703, figures 2-1 to 2-5 
and figures 2- 15 and 2- 16. Additional climate-related data 
and inputs are available in this chapter. Most states and Ba- 
sin Areas have developed county-based climatic maps for 
their areas. These contain the greater detail that is desired 
why" applying RUSLE to specific field situations, and are 
available in NRCS State offices. 

Soil erodibility factor, K, values for RUSLE are available in 
the NASlS Soils Database and in other soils data bases and 
tables. In areas of the United States where K values are ad- 
justed to account for seasonal variability, (Agriculture 
Handbook 703) tables are available in State offices that 

, show how the values are rounded to the nearest class and 
subclass. 

Four slope length and steepness, L and S, table options are 
available in RUSLE. LS values can be obtained from tables 
4-1 to 4-4 in Agriculture Handbook 703. The RUSLE com- 
puter program also calculates LS factor values for both uni- 
form and complex slopes. 

0 
Cover and management factor, C, values are available in 
electronic table format in tables in most State offices and in 
the Field Office Technical Guide. Hardcopy tables are 
available in most State offices. 

Support practice factor, P, values are calculated using tables 
available in the FOTG in many states. Copies, where avail- 
able, can be obtained from the State office. Table values for 
common stripcropping and buffer strip systems are avail- 
able in the FOTG of some states. 

0 

Subpart 501D RUSLE 
factors 

50130 The average annual soil loss estimate, 
A 

The long time average annual soil loss, A, is the computed 
spatial average soil loss and temporal average soil loss per 
unit of area, expressed in the units for K and for the period 
selected for R. 

As applied by NRCS, the units for K and the period for R 
are selected so that A is expressed in tons per acre per year. 
RUSLE predicts the soil loss carried by runoff from spe- 
cific field slopes in specified cover and management sys- 
tems. 

50131 The rainfall and runoff 
erosivity factor, R 

The rainfall and runoff erosivity factor, R, is the product of 
total storm energy times the maximum 30-minute intensity. 
Stated another way, the average annual total of the storm 
energy and intensity values in a given location is the rainfall 
erosion index, R, for the locality. The R factor represents 
the long-term average annual summation of the Erosivity 
Index (El) for extended period of record. 

In dryland cropping areas of the Northwest Wheat and 
Range Region, the effect of melting snow, rain on snow, 
andor rain on thawing soil poses unique problems. An 
equivalent R value, R,, is calculated for these areas to ac- 
count for this added runoff. 

50132 The soil erodibility factor, K 

The soil erodibility factor, K, is a measure of erodibility for 
a standard condition. This standard condition is the unit 
plot, which is an erosion plot 72.6 feet (22.1 ) long on a 9 
percent slope, maintained in continuous fallow, tilled up 
and down hill periodically to control weeds and break 
crusts that form on the soil surface. The erodibility factor K 
represents the combined effect of susceptibility of soil to 
detachment, transport of sediment and the amount and rate 
of runoff caused by a particular rainfall event. Soil proper- 
ties that affect soil erodibility include texture, structure, per- 
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meability and organic matter content. Values for K should 
be selected from those given in the NRCS soil survey data- 
base in NASIS or in published reports the RUSLE soil 
erodibility nomograph can also be used to estimate K val- 
ues for most soils. Soil erodibility K varies by season. It 
tends to be high in early spring during and immediately fol- 
lowing thawing, and other periods when the soil is wet. 
NRCS further modifies the seasonally adjusted K by round- 
ing the value to the nearest K factor class or half-class (ex- 
hibit 501-1). 

directly on the ground. Steep slopes should be converted to 
horizontal distances. Slope steepness determinations are 
best made in the field using a clinometer, Abney level or 
similar device. Chapter 4, Agriculture Handbook 703 con- 
tains additional guides for choosing and measuring slopes. 

Rock fragments in the soil profile affect the soil erodibility 
factor u. The K value is adjusted upwards to account for 
rock fragments in the soil profile of sandy soils that reduce 
infiltration. No adjustment to the K value is recommended 
by NRCS for rocks in the profile of medium and heavy tex- 
turedsoils. 

501.33 The slope length and steepness fac- 
tors, L and S 

The slope length factor, L, is the ratio of soil loss from the 
field slope length to soil loss from a 72.6-foot length under 
identical conditions. 

The slope steepness factor, S, is the ratio of soil loss from 
the field slope gradient to soil loss from a 9 percent slope 
under otherwise identical conditions. 

In erosion prediction as used by NRCS, the factors L and S 
are evaluated together, and LS values for uniform slopes 
can be selected from tables 4-1,4-2,4-3, and 4 4  in Agri- 
culture Handbook 703. 

The slope length is defined as the horizontal distance from 
the origin of overland flow to the location of either concen- 
trated flow or deposition. Slope lengths normally do not ex- 
ceed 400 feet because sheet and rill flows will almost al- 
ways coalesce into concentrated flow paths within that dis- 
tance. Lengths longer than 1,000 feet should not be used in 
RUSLE. 

Slope length and steepness determinations are best made in 
the field. In conservation planning, the hillslope profile rep- 
resenting a significant portion of the field having the most 
severe erosion is often chosen. Slope lengths are best deter- 
mined by pacing out flow paths and making measurements 

- 
I /  Rock fragments on the soil surfacc are accounted for in the C factor. 
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Most naturally occumng hillslope profiles are irregular in 
shape. When the slope profile is significantly curved (con- 
vex or concave, or sigmoid.convex at the shoulder and con- 
cave at the toe), the conservationist should represent it as a 
series of slope segments, using the irregular slope proce- 
dure in the RUSLE computer program. 

50134 The cover-management factor, C 

The cover-management factor, C, is the ratio of soil loss 
from an area with specified cover and management to soil 
loss from an identical area in tilled continuous fallow. 
The C factor is used most often to compare the relative im- 
pacts of management options on conservation plans. 

The impacts of cover and management on soil losses are di- 
vided into a series of subfactors in RUSLE. These include 
the impacts of previous vegetative cover and management, 
canopy cover, surface roughness, and in some cases the im- 
pact of soil moisture. 

In RUSLE, these subfactors are assigned values, and when 
multiplied together yield a soil loss ratio (SLR). Individual 
SLR values are calculated for each period over which the 
important parameters are assumed to remain constant. Each 
SLR value is then weighted by the fraction of rainfall and 
runoff erosivity, EI, associated with the corresponding pe- 
riod, and these weighted values are combined (summed) 
into an overall C factor value. 

501.35 

The support practice factor, P, is the ratio of soil loss with a 
support practice like contouring, stripcropping, or terracing 
to soil loss with straight-row fanning up and down the 

The support practice factor, P 

slope. 

The contour P subfactor accounts for the beneficial effects 
of redirected runoff that modifies the flow pattern because 
of ridges or oriented roughness that are partially or com- 
pletely oriented along the contour. 
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The contour P subfactor includes the effects of storm sever- 
ity, ridge height, off-grade contouring, slope length and 
steepness, infiltration, and soil cover and roughness. 

The stripcropping P subfactor is a support practice where 
strips of clean-tilled or nearly clean-tilled crops are alter- 
nated with strips of close growing vegetation, or strips with 
relatively smooth tilled soil surfaces are alternated with 
strips with rough tilled surfaces. 

The stripcropping P subfactor evaluates what are variously 
described as contour stripcropping, cross-slope 
stripcropping, field stripcropping, buffer strips and veg- 
etated filter strips. 

I 

Terraces in RUSLE are support practices where high and 
large ridges of soil are constructed across the slope at inter- 
vals. These ridges and their accompanying channels inter- 
cept runoff and divert it around the slope or into a closed 
outlet. Terraces can affect sheet and rill erosion by reducing 
slope length and cause deposition in the terrace channel. 

Tile drainage, under optimum conditions, can reduce ero- 
sion by reducing runoff. Because of a lack of support data, 
NRCS does not use the tile drainage subfactor in RUSLE, 
except in the Willamette Valley in the Oregon and Puget 
Sound basin in Washington. 

In addition to the support practice factor, P, used in conser- 
vation planning, RUSLE estimates sediment yield for con- 
tour strips and terraces. The sediment yield, or delivery ra- 
tio, used in RUSLE is the ratio to the amount of sediment 
leaving the end of the slope length to the amount of sedi- 
ment produced on the slope length. 

I 501-6 
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Subpart 501E Principles of water 
erosion control 

501.40 Overview of principles 

The principle factors that influence soil erosion by water 
are climate, soil properties, topography, vegetative cover, 
and conservation practices. Climate and soil properties are 
conditions of the site and are not modified by ordinary man- 
agement measures. Conservation treatment primarily in- 
volves manipulation of vegetative cover, modification of to- 
pography, and manipulation of soil conditions in the tillage 
zone. 

The greatest deterrent to soil erosion by water is vegetative 
cover, living or dead, on the soil surface. Cover and cultural 
practices influence both the detachment of soil particles and 
their transport. Growing plants and plant residue absorb the 
energy of raindrops, decrease the velocity of runoff water, 
and help create soil conditions that resist erosion. Cultural 
practices that affect vegetative cover include crop rotations, 
cover crops, management of crop residue, and tillage prac- 
tices. 

501.41 Relation of control to RUSLE factors 

In conservation planning, the cover and management factor, 
C, and the support practices factor, P, can be manipulated 
in RUSLE to develop alternatives for erosion reduction. In 
addition, where slope length is reduced with some terrace 
and diversion systems, the slope length and steepness fac- 
tor, LS, will be reduced. 
Using RUSLE technology, estimates of erosion reduction 
are illustrated in the subfactors of factor C. 
Benefits to erosion control are achieved in the: 

prior land use subfactor by increasing the mass of 
roots and buried residue and increasing periods since 
soil disturbance, 
canopy cover subfactor by increasing the canopy 
cover of the field area and low raindrop fall height 
from the canopy, 
surface cover subfactor by increasing the ground 
cover of plant residue, and by permanent cover such 
as rock fragments, 
surface roughness subfactor by increasing the random 
surface roughness that ponds watcr, and thereby 
reduces the erosive effect of raindrops and traps 
sediment, and 
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soil moisture subfactor by growing moisture-deplet- 
ing crops. This benefit is only applied in RUSLE in 
the Northwest Wheat and Range Region of the west- 
em United States. 

When support practices are applied, they become integral 
parts of a resource management system for controlling soil 
erosion by water. Contour farming, contour stripcropping, 
and conservation buffers form ridges on or near the contour 
that slow runoff and trap sediment. Terraces and diversions 
intercept concentrated runoff flows and, in many cases, 
shorten the length of slope. 

Some erosion control practices, such as grassed waterways 
and water control structures, do not substantially reduce 
sheet and rill erosion. While these can be effective erosion 
control practices in a resource management system, they are 
not a part of the soil loss reduction that is estimated by 
RUSLE. 

I54 
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0.588 

0.66 

0.768 

0.55 0.40 0.43 0.46 0.49 0.52 

0.46 0.49 0.52 0.55 0.60 0.64 

0.52 0.55 0.60 0.64 0.70 0.76 

Exhibit 501-1 - variability. 
Acceptable class and half-class factor K values for use in RUSLE where K values are adjusted for seasonal 

OriginalK 1 Minimum 
valueb va lue3  

Maximum I 
value 5 Acceptable class and half-class K factor values * 

0.02 0.016 

0.04 10.05 

0.10 

~ 

0.08 

0.12 0.15 

0.17 0.136 

0.20 0.16 

e 0.192 0.24 

0.28 

0.32 

~~ 

0.224 

0.256 

0.296 0.37 

0.43 0.344 

0.49 0.392 

0.55 0.44 

0.64 0.512 

I/ Original K valuc from the soils data base for a specific map unit or soil component. 
2 Minimum value is 8W! of the original K value, and is the cap for acccptablc minimum class and half-class vahiu 
3/ Maximum value is 120% ofthe original K value, and is the cap for the acceptable maximum class and half-class values. 
4/ Acceptable class and half-class K factor values, were approved 411 5/94 by a joint committee of NRCS soil scientists and agrono- 

mists, under the leadership of H.R Sinclair, lead soil scientist. 
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Subpart 502A Introduction Subpart 502B Wind erosion 

502.00 Overview 

Part 502 presents Natural Resources Conservation Service 
(NRCS) policy and procedures for estimating wind erosion. 
It explains the Wind Erosion Equation (WEQ) and provides 
guidance and reference on wind erosion processes, predic- 
tion, and control. NRCS technical guidance related to wind 
erosion conforms to policy and procedures in this part. 

This part will be amended as additional research on wind 
erosion and its control is completed and published. The na- 
tional agronomist is responsible for updating this chapter 
and coordinating wind erosion guidance with Agricultural 
Research Service (ARS). 

NRCS cooperating scientists may supplement this manual. 
However, appropriate supplements prepared by cooperating 
scientists are to be submitted to the national agronomist for 
review and concurrence before issuance. State supplements 
are to be reviewed and approved by the national agronomist 
before being issued to field offices. 

Understanding the erosive forces of wind is essential to the 
correct use of the Wind Erosion Equation and interpretation 
of wind erosion data. NRCS predicts erosion rates, assesses 
potential damage, and plans control systems for wind 
erosion. 

The Agricultural Research Service has primary responsibil- 
ity for erosion prediction research within the U.S. Depart- 
ment of Agriculture (USDA). Wind erosion research is 
conducted by the Wind Erosion Research Unit at Manhat- 
tan, Kansas, and the Cropping Systems Research Unit at Big 
Spring,Texas. 

502.10 Thewinderosion problem 

Wind is an erosive agent. It detaches and transports soil 
particles, sorts the finer from the coarser particles, and 
deposits them unevenly. Loss of the fertile topsoil in eroded 
areas reduces the rooting depth and, in many places, re- 
duces crop yield. Abrasion by airborne soil particles dam- 
ages plants and constructed structures. Drifting soil causes 
extensive damage also. Sand and dust in the air can harm 
animals, humans, and equipment. 

Some wind erosion has always occurred as a natural land- 
forming process, but it has become detrimental as a result of 
human activities. This accelerated erosion is primarily 
caused by improper use and management of the land 
(Stallings 1951). 

Few regions are entirely safe from wind erosion. Wherever 
the soil surface is loose and dry, vegetation is sparse or 
absent, and the wind sufficiently strong, erosion will occur 
unless control measures are applied (1 957 Yearbook of 
Agriculture). Soil erosion by wind in North America is 
generally most severe in the Great Plains. The NRCS 
annual report of wind erosion conditions in the Great Plains 
shows that wind erosion damages from 1 million to more 
than 15 million acres annually, averaging more than 4 
million acres per year in the 10-state area. USDA estimated 
that nearly 95 percent of the 6.5 million acres put out of 
production during the 1930’s suffered serious wind erosion 
damage (Woodruff 1975). Other major regions subject to 
damaging wind erosion are the Columbia River plains; 
some parts of the Southwest and the Colorado Basin, the 
muck and sandy areas of the Great Lakes region, and the 
sands of the Gulf, Pacific, and Atlantic seaboards. 

In some areas, the primary problem caused by wind erosion 
is crop damage. Some crops are tolerant enough to with- 
stand or recover from erosion damage. Other crops, includ- 
ing many vegetables and specialty crops, are especially 
vulnerable to wind erosion damage. Wind erosion may 
cause significant short-term economic loss in areas where 
erosion rates are below the soil loss tolerance (T) when the 
crops grown in that area are easily damaged by blowing soil 
(table 5024).  
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502.11 The wind erosion process 

The wind erosion process is complex. It involves detaching, 
transporting, sorting, abrading, avalanching, and depositing 
of soil particles. Turbulent winds blowing over erodible 
soils cause wind erosion. Field conditions conducive to ero- 
sion include 

' 

loose, dry, and finely granulated soil; 
smooth soil surface that has little or no vegetation 

1 present; 
sufficiently large area susceptible to erosion; and 
sufficient wind velocity to move soil. 

Winds are considered erosive when they reach 13 miles per 
hour at 1 foot above the ground or about 18 miles per hour 
at a 30 foot height. This is commonly referred to as the 
threshold wind velocity (Lyles and Krauss 1971). 

The wind transports primary soil particles or stable aggre- 
gates, or both, in three ways (fig. 502-1): 

Saltation-Individual particles/aggregates ranging from 0.1 
to 0.5 millimeter in diameter lift off the surface at a 50- to 
90-degree angle and follow distinct trajectories under the 
influence of air resistance and gravity. The particles/aggre- 
gates return to the surface at impact angles of 6 to 14 
degrees from the horizontal. Whether they rebound or 
embed themselves, they initiate movement of other par- 
ticledaggregates to create the avalanching effect. Saltating 
particles are the abrading bullets that remove the protective 
soil crusts and clods. Most saltation occurs within 12 inches 
above the soil surface and typically, the length of a saltating 
particle trajectory is about 10 times the height. From 50 to 
80 percent of total transport is by saltation. 

Figure502-1 The wind erosion process - 
/: . Suspension 

Suspension-The finer particles, less than 0.1 millimeter in 
diameter, are dislodged fiom an eroding area by saltation 
and remain in the air mass for an extended period. Some 
suspension-sized particles or aggregates are present in the 
soil, but many are created by abrasion of larger aggregates 
during erosion. From 20 percent to more than 60 percent of 
an eroding soil may be carried in suspension, depending on 
soil texture. As a general rule, suspension increases down- 
wind, and on long fields can easily exceed the amount of 
soil moved in saltation and creep. 

Surface creep-Sand-sized particledaggregates are set in 
motion by the impact of saltating particles. Under high 
winds, the whole soil surface appears to be creeping slowly 
forward as particles are pushed and rolled by the saltation 
flow. Surface creep may account for 7 to 25 percent of total 
transport (Chepill945 and Lyles 1980). 

Saltation and creep particles are deposited in vegetated 
strips, ditches, or other areas sheltered fiom the wind, as 
long as these areas have the capacity to hold the sediment. 
Particles in suspension, however, may be camed a great 
distance. 

The rate of increase in soil flow along the wind direction 
vanes directly with erodibility of field surfaces. The in- 
crease in erosion downwind (avalanching) is associated 
with the following processes: 

the increased concentration of saltating particles 
downwind increases the frequency of impacts and ... e 
degree of breakdown of clods and crusts, and 
accumulation of erodible particles and breakdown of 
clods tends to produce a smoother (and more erod- 
ible) surface. 

The distance required for soil flow to reach a maximum for 
a given soil is the same for any erosive wind. The more 
erodible the surface, the shorter the distance in which 
maximum flow is reached. Any factor that influences the 
erodibility of the surface influences the increase in soil 
flow. 

502-2 
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Subpart 502C Estimating wind 
erosion 

502.20 How, why, and by whom wind ero- 
sion is estimated 

Using the Wind Erosion Equation (WEQ), NRCS estimates 
erosion rates to 

provide technical assistance to land users, 
inventory natural resources, and 
evaluate the effectiveness of conservation programs 
and conservation treatment applied to the land. 

Wind erosion is difficult to measure. Wind moves across 
the land in a turbulent, erratic fashion. Soil may blow into, 
within, and out of a field in several directions in a single 
storm. The direction, velocity, duration, and variability of 
the wind all affect the erosion that occurs from a wind 
storm. Much of the soil eroding from a field bounces or 
creeps near the surface; however, some of the soil blown 
from a field may be high above the ground in a dust cloud 
by the time it reaches the edge of a field (Chepill963). 

502.21 

No precise method of measuring wind erosion has been 
developed. However, various dust collectors, remote and 
in-place sensors, wind tunnels, sediment samplers, and 
microtopographic surveys before and after erosion have 
been used. Each method has its limitations. Research is 
continuing on new techniques and new devices, on modifi- 
cations to older ones, and on means to measure wind ero- 
sion. 

Methods of estimating wind erosion 

Estimates of wind erosion can be developed by assigning 
numerical values to the site conditions that govern wind 
erosion and expressing their relationships mathematically. 
This is the basis of the current Wind Erosion Equation 
(WEQ) that considers soil erodibility, ridge and random 
roughness, climate, unsheltered distance, and vegetative 
cover. 

502.22 The wind erosion equation 

The Wind Erosion Equation (WEQ) erosion model is 
designed to predict long-term average annual soil losses 
from a field having specific characteristics. With appropri- 
ate selection of factor values, the equation will estimate 
average annual erosion or erosion for specific time periods. 

Development of the wind erosion equation 
Drought and wind erosion during the 19th century caused 
wind erosion to be recognized as an important geologic 
phenomenon. By the late 1930’s, systematic and scientific 
research into wind erosion was being pioneered in Califor- 
nia, South Dakota, Texas, and in Canada and England. This 
research produced information on the mechanics of soil 
transport by wind, the influence of cultural treatment on 
rates of movement, and the influence of windbreaks on 
windflow patterns. The publication, The Physics of Blown 
Sand and Desert Dunes, (Bagnold 194 l), is considered a 
classic by wind erosion researchers. 

In 1947, USDA began the Wind Erosion Research Program 
at Manhattan, Kansas, in cooperation with Kansas State 
University. That program was started under the leadership 
of Austin W. Zingg, who was soon joined by W.S. Chepil, a 
pioneer in wind erosion research in Canada. The research 
project’s primary purposes were to study the mechanics of 
wind erosion, delineate major influences on that erosion, 
and devise and develop methods to control it. 

By 1954, Chepil and his coworkers began to publish results 
of their research in the form of wind erosion prediction 
equations (Chepil 1954; Chepil 1957; Chepil et al. 1955; 
Woodruff and Chepill956). 

In 1959, Chepil released an equation 

where: 
E = IRKFBWD 

E = quantity of erosion 
I =soil cloddiness 
R =residue 
K =roughness 
F =soil abradability 
B =windbarrier 
W =width of field 
D =wind direction 

Wind velocity at geographic locations was not addressed in 
this equation (Chepil 1959). 
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In 1962, Chepil’s group released the equation 

E = I ( ACKLV) 

where: 
A = percentage of soil fractions greater than 0.84 milli- 

meter. 

Factors C, K, L, and V were the same as in the present 
equation although they were not handled the same (Chepil 
1962). A C-factor map for the western half of the United 
States was also published in 1962 (Chepil et al. 1962). 

The 1 factor, expressed as the average annual soil loss in 
tons per acre per year from a field area, accounts for the 
inherent soil properties affecting erodibility. These proper- 
ties include texture, organic matter, and calcium carbonate 
percentage. 1 is the potential annual wind erosion for a 
given soil under a given set of field conditions. The given 
set of field conditions for which I is referenced is that of an 
isolated, unsheltered, wide, bare, smooth, level, loose, and 
non-crusted soil surface, and at a location where the cli- 
matic factor (C) is equal to 100. (For details on the I factor 
see 502.31). 

In 1963, the current form of the equation, E= f(lCKLV) 
was first released (Chepil 1963). 

In 1965, the concept of preponderance in assessing wind 
erosion forces was introduced. See 502.34 for details on 
preponderance (Skidmore 1965 and Skidmore and Woo- 
druff 1968). 

In 1968, monthly climatic factors were published (Woo- 
druff and Armbrust 1968). These are no longer used by 
NRCS. Instead, NRCS adopted a proposal for computing 
soil erosion by periods using wind energy distribution 
which was published in 1980 (Bondy et al. 1980). (See 
502.24.) In 198 1 ,  the Wind Erosion Research Unit provided 
NRCS with data on the distribution of erosive wind energy 
for the United States and in 1982 provided updated annual 
C factors. (See exhibit 502-8.) 

Although the present equation has significant limitations 
(see 502.23), it is the best tool currently available for 
making reasonable estimates of wind erosion. Currently, 
research and development of improved procedures for 
estimating wind erosion are underway. 

The present Wind Erosion Equation is expressed as: 

E = ~(IKCLV) 

where: 
E = estimated average annual soil loss in tons per acre 

per year 
f = indicates relationships that are not straight-line 

mathematical calculations 
I = soil erodibility index 
K = soil surface roughness factor 
C = climatic factor 
L = the unsheltered distance 
V = the vegetative cover factor 

The K factor is a measure of the effect of ridges and 
cloddiness made by tillage and planting implements. It is 
expressed as a decimal from 0.1 to 1 .O. (For details on the 
K factor see 502.32.) 

The C factor for any given locality characterizes climatic 
erosivity, specifically windspeed and surface soil moisture. 
This factor is expressed as a percentage of the C factor for 
Garden City, Kansas, which has a value of 100. (For details 
on the C factor see 502.33.) 

The L factor considers the unprotected distance along the 
prevailing erosive wind direction across the area to be 
evaluated and the preponderance of the prevailing erosive 
winds. (For details on the L factor see 502.34.) 

The V factor considers the kind, amount, and orientation of 
vegetation on the surface. The vegetative cover is expressed 
in pounds per acre of a flat small-grain residue equivalent. 
(For details on the V factor see 502.35.) 

Solving the equation involves five successive steps. Steps 1 ,  
2 and 3 can be solved by multiplying the factor values. 
Determining the effects of L and V (steps 4 and 5 )  involves 
more complex hnctional relationships. 

Step 1: E, = I  
Factor 1 is established for the specific soil. I may be 
increased for knolls less than 500 feet long facing into 
the prevailing wind, or decreased to account for 
surface soil crusting, and imgation. 

Step2: E, =IK 
Factor K adjusts El for tillage-induced oriented 
roughness, Krd (ridges) and random roughness, K, 
(cloddiness). The value of K is calculated by multi- 
plying Krd times K, (K = & x &). 
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Step3: E, =IKC 
Factor C adjusts E2 for the local climatic factor. 

Step 4: E, = IKCL 
Factor L adjusts E3 for unsheltered distance. 

Step 5: E, = IKCLV 
Factor V adjusts E4 for vegetative cover. 

502.23 Limitations of the equation 

When the unsheltered distance, L, is suflciently long, the 
transport capacity ofthe wind for saltation and creep is 
reached. If the wind is moving all the soil it can carry 
across a given surface, the inflow into a downwind area of 
the field is equal to the outflow from that same area of the 
field, for saltation and creep. The net soil loss from this 
specific area of the field is then only the suspension compo- 
nent. This does not imply a reduced soil erosion problem 
because, theoretically, there is still the estimated amount of 
soil loss in creep, saltation, and suspension leaving the 
downwind edge of the field. 

Surface annoring by nonerodible gravel is not usually 
addressed in the 1 factor. 

a 
The equation does not account for snow cover or seasonal 
changes in soil erodibility. The equation does not estimate 
erosion from single storm events. 

502.24 Alternative procedures for using the 
WEQ 

The WEQ Critical Period Procedure is based on use of the 
Wind Erosion Equation as described by Woodruff and 
Siddoway in 1965 (Woodruff and Siddoway 1965). The 
conditions during the critical wind erosion period are used 
to derive the estimate of annual wind erosion. 

The Critical Wind Erosion Period is described as the 
period of the year when the greatest amount of wind 
erosion can be expected to occur from a field under 
an identified management system. It is the period 
when vegetative cover, soil surface conditions, and 
expected erosive winds result in the greatest potential 
for wind erosion. 

Erosion estimates developed using the critical period 
procedure are made using a single set of factor values 
(IKCL & V) in the equation to describe the critical 
wind erosion period conditions. 
The critical period procedure is currently used for 
resource inventories. NRCS usually provides specific 
instructions on developing wind erosion estimates for 
resource inventories. 

The WEQ Management Period Procedure was published by 
Bondy, Lyles, and Hayes in 1980. It solves the equation for 
situations where site conditions have significant variation 
during the year or planning period where the soil is exposed 
to soil erosion for short periods, and where crop damage is 
the foremost conservation conern, rather than the extent of 
soil loss. The management period procedure is described as 
being more responsive to changing conditions throughout 
the cropping year but is not considered more accurate than 
the critical period procedure. 

Comparisons should not be made between the soil erosion 
predictions made by the management period procedure and 
the critical period procedure. In other words, where a 
conservation system has been determined to be acceptable 
by the management period procedure and placed in a 
conservation plan or the FOTG, then only the management 
period procedure will be used to determine if other conser- 
vation systems, planned or applied, provide equivalent 
treatment. 

Factor values are selected to describe management periods 
when cover and management effects are approximately 
uniform. The cropping system is divided into as many 
management periods as is necessary to describe the year or 
planning period accurately. Erosive wind energy (EWE) 
distribution is used to derive a weighted estimate of soil 
loss for the period. The general procedure is as follows: 

Solve for E in the basic equation (E = f(1KCLV)) 
using management period values for I, K, L, and V, 
and the local annual value for C. 
Multiply the annual soil loss rate E obtained from 
management period values by the percentage of 
annual erosive wind energy that occurs during the 
management period to estimate average erosion for 
that management period. 
Add the management period amounts for the crop 
year, or add the period amounts for a total crop 
sequence and divide by the number of years in the 
sequence to estimate average annual wind erosion. 
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Exhibit 502-7a is an example of tables showing the ex- 
pected monthly distribution of erosive wind energy at 
specific locations. The complete table is available for 
downloading at 

http:llwww.weru.ksu.edu/nrcslwindparm.doc 

Exhibit 5024% shows how these values are used in the 
management period method computations. Erosive wind 
energy values are entered on the form in the column identi- 
fied YO EWE. 

Estimates for management periods less than 1 year in 
duration are often useful in conservation planning. Ex- 
amples include 

I 

When crop damage (crop tolerance) during sensitive 
growth stages is the major concern. 
When a system or practice is evaluated for short-term 
effects. 

States will use critical period or the management period 
procedure, within published guidelines, for Conservation 
planning. The management period procedure will not be 
used for resource inventories unless specifically stated in 
instructions. Refer to individual program manuals for more 
specific instructions pertaining to the use of the Wind Ero- 
sion Equation. 

Adjustments to the WEQ soil erodibility factor, I, can be 
made for temporary conditions that include irrigation or 
crusts, but such adjustments are to be used only with the 
management period procedure. The use of monthly prepon- 
derance data to determine equivalent field width is also ap- 
plicable only to the management period procedure. 

502.25 Data to support the WEQ 

ARS has developed benchmark values for each of the fac- 
tors in the WEQ. However, the NRCS is responsible for de- 
veloping procedures and additional factor values for use of 
the equation. Field Office Technical Guides will include the 
local data needed to make wind erosion estimates. 

ARS has computed benchmark C factors for locations 
where adequate weather data are available (Lyles 1983). C 
factors used in the field office are to reflect local conditions 
as they relate to benchmark C factors. Knowledge of local 
terrain features and local climate is needed to determine 
how point data can be extended and how interpolation be- 
tween points should be done. See 502.33 for guidance. 

ARS has developed soil erodibility 1 values based on size 
distribution of soil aggregates. Soils have been grouped by 
texture classes into wind erodibility groups. Wind erodibil- 
ity group numbers are included in the soil survey data base 
inNASIS. 

For further discussion of benchmark data supporting factor 
values, refer to subpart 502D, WEQ factors. 

502.26 Using WEQ estimates with USLE or 
RUSLE calculations 

The WEQ provides an estimate of average annual wind ero- 
sion from the field width along the prevailing wind erosion 
direction (L) entered in the calculation; USLE or RUSLE 
provide an estimate of average annual sheet and rill erosion 
from the slope length (L) entered into the model. Although 
both wind and water erosion estimates are in tons per acre 
per year, they are not additive unless the two equations rep- 
resent identical flow paths across identical areas. 

502.27 

Graphs and tables for determining factor values are in 
Subpart 502G Exhibits. 

Tools for using the WEQ 

E tables 
The ARS WEROS (Wind Erosion) computer program has 
produced tables that give estimated erosion (E values) for 
most of the possible combinations of I, K, C, L, and V. Ex- 
hibit 502-1 is an example. See 502.30 for procedures to 
download E tables. 

Use of the management period procedure can be simplified 
through the use of worksheets on which information for 
each management period is documented. Subpart 502F is to 
include sample wind erosion computations using the Man- 
agement Period Procedure. 

An acceptable WEQ calculator has been developed in 
Microsoft Excel, and is being adapted for use in many 
states. A copy of this spreadsheet can be obtained from the 
NRCS state agronomist in Albuquerque, New Mexico. Ex- 
hibit 502.7B shows an example of this spread sheet. 

- 
Trade names mentioned are for specific information and do not 
constitute a guarantee or warranty of the product by the Depart- 
ment of Agriculture or an endorsement by the Department over 
other products not mentioned. 
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Subpart 502D WEQ Factors 

50230 The wind erosion estimate, E 

The wind erosion estimate, E, is the estimate of average an- 
nual tons of soil per acre that the wind will erode from an 
area represented by an unsheltered distance L and for the 
soil, climate, and site conditions represented by I, K, C, and 
V. The equation is an empirical formula. It was initially de- 
veloped by relating wind tunnel data to observed field ero- 
sion for 3 years in the mid 1950’s (Woodruffet al. 1976). 
The field data was normalized to reflect long-term average 
annual erosion assuming given conditions during the critical 
period without reference to change in those conditions 
through the year. The estimate amved at by using the criti- 
cal period procedure for estimating wind erosion does not 
track specific changes brought about by management and 
crop development; nor does it assume that critical period 
conditions exist all year. The calibration procedure ac- 
counted for minor changes expected to occur during a nor- 
mal crop year at that time in history. The WEQ annual E is 
based on an annual C and field conditions during the critical 
wind erosion period of the year. This procedure does not 
account for all the effects of management. 

The management period procedure for estimating wind ero- 
sion involves assigning factor values to represent field con- 
ditions expected to.occur during specified time periods. Us- 
ing annual wind energy distribution data, erosion can be es- 
timated for each period of time being evaluated. The period 
estimates are summed to arrive at an annual estimate. Crop- 
ping sequences involving more than 1 year can be evaluated 
using this procedure. It also allows for a more thorough 
analysis of a management system and how management 
techniques affect the erosion estimate. 

The new E tables can be downloaded from the WERU 
server, Manhattan, Kansas. These tables can be accessed in 
two ways: 

Through your WWW browser. To view, direct your 
web browser to: http:llwww.weru.ksu.edulnrcs 

Download the Adobe Acrobat Reader (if not already 
installed on your computer) by clicking on the icon 
and installing per the installation instructions. (Trade 
names mentioned are for specific information and do 
not constitute a guarantee or warranty of the product 
by the Department of Agriculture or an endorsement 

by the Department over other products not men- 
tioned.) When the Adobe Acrobat Reader is running 
on your browser you can click the PDF icon to view 
and print the table. When on the WERU Web page, 
copies of the files can be downloaded by clicking on the 
hypertext for the following: 

etab.pdf for PDF or 
etab.wpd (for Wordperfect) or 
etab.ps for Postscript 

Through FTP-For those without a web browser but 
have FTP access, FTP to: ftp.weru.ksu.edu 
go to the appropriate directory, for example 

cd pubtnrcsletables 
Be sure that you are in binary mode. 

To download the table format of your choice, type: 
get etab.pdf for PDF or 
get etab.wpd for Wordperfect or 
get etab.ps for Postscript 

The appropriate E table will download to your computer. 
Exhibit 502-1 shows an example of an E table. 

502.31 Soil erodibility index, I 

I is the erodibility factor for the soil on the site. It is 
expressed as the average annual soil loss in tons per acre 
that would occur from wind erosion, when the site is: 

- Isolated - incoming saltation is absent 
- Level - knolls are absent 
- Smooth -ridge roughness effects are absent and 

cloddiness is minimal 
- Unsheltered - barriers are absent. 
- At a location where the C factor is 100 
- Bare - vegetative cover is absent 
- Wide - the distance at which the flow of eroding soil 

reaches its maximum and does not increase with field 
size 

together, and surface not sealed. 
- Loose - and non-crusted, aggregates not bound 

The I factor is related to the percentage of nonerodible 
surface soil aggregates larger than 0.84 millimeters in 
diameter. For most NRCS uses, the I value is assigned for 
named soils based on wind erodibility groups (WEG). The 
WEG is included in the soil survey data base in NASIS. If 
the soil name is not known, exhibit 502-2 can be used to 
determine the WEG from the surface soil texture. 
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To determine erodibility for field conditions during various 
management periods throughout the year, follow the sieving 
instructions in exhibit 502-3. (Do not use this procedure to 
determine average annual I values.) 

A soil erodibility index based solely on the percentage of 
aggregates larger than 0.84 millimeters has several potential 
sources of error. Some of these follow: 

Relative erodibility of widely different soils may 
1 change with a change in wind velocity over the 

surface of the soil. 
Calibration of the equation is based on the volume of 
soil removed, but the erodibility index is based on 
weight. 
Differences in size of aggregates have considerable 
influence on erodibility but no distinction for this 
influence is made in table 1, exhibit 502-3. 
Stability of surface aggregates influences erodibility; 
large durable aggregates can become a sufluce 
armor; less stable aggregates can be abraded into 
smaller, more erodible particles. 
Surface crusting may greatly reduce erodibility; 
erodibility may increase again as the crust deterio- 
rates (Chepill958). 

Knoll erodibility-Knolls are topographic features charac- 
terized by short, abrupt windward slopes. Wind erosion 
potential is greater on knoll slopes than on level or gently 
rolling terrain because wind flowlines are compressed and 
wind velocity increases near the crest of the knolls. Erosion 
that begins on knolls often affects field areas downwind. 

Adjustments of the Soil Erodibility Index (I) are used where 
windward-facing slopes are less than 500 feet long and the 
increase in slope gradient from the adjacent landscape is 3 

Table502-1 Knoll erodibility adjustment factor for I 
I 

Percent slope change in A B 
prevailingwind Knoll Increase at 
erosion adjustment crest area 
direction Ofl where erosion is 

most Severe 

3 1.3 1.5 
4 1.6 1.9 
5 1.9 2.5 
6 2.3 3.2 
8 3 .O 4.8 
10 and greater 3.6 6.8 

percent or greater. Both slope length and slope gradient 
change are determined along the direction of the prevailing 
erosive wind (fig. 502-2). 

Table 502-1 contains knoll erodibility adjustment factors 
for the Soil Erodibility Index I. The I value for the Wind 
Erodibility Group is multiplied by the factor shown in 
column A. This adjustment expresses the average increase 
in erodibility along the knoll slope. For comparison, column 
B shows the increased erodibility near the crest (about the 
upper 1/3 of the slope), where the effect is most severe. 

No adjustment of 1 for knoll erodibility is made on level 
fields, or on rolling terrain where slopes are longer and 
slope changes are less abrupt. Where these situations occur, 
the wind flow pattern tends to conform to the surface and 
does not exhibit the flow constriction typical of knolls. 

I 

Surface crusting-Erodibility of surface soil varies with 
changing tillage practices and environmental conditions 
(Chepil 1958). A surface crust forms when a bare soil is 
wetted and dried. Although the crust may be so weak that it 
has virtually no influence on the size distribution of dry 
aggregates determined by sieving, it can make the soil less 
erodible. The resistance of the crust to erosion depends on 
the nature of the soil, intensity of rainfall, and the kind and 
amount of cover on the soil surface. A fully crusted soil 
may erode only one-sixth as much as non-crusted soil. 
However, a smooth crusted soil with loose sand grains on 
the surface is more erodible than the same field with a 
cloddy or ridged surface. 

Table502-2 I adjustment guidelines for CNS~S 

WEG I Max. adj. Calculated Rounded 
mgt Prd I I 
factor 11 

1 
1 
1 
1 
1 
2 
3 
4 
4L 
5 
6 
7 

310 
250 
220 
180 
160 
134 
86 
86 
86 
56 
48 
38 

.7 

.7 

.7 

.7 

.7 

.7 

.4 

.4 

.4 

.3 
3 
.3 

217 
175 
154 
126 
112 
67 
34 
34 
34 
17 
14 
1 1  

220 
180 
160 
134 
134 
86 
38 
38 
38 
21 
21 
12 

I! The management period adjustment to I has not been 
validated by research and is based on NRCS judgment. 
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Under erosive conditions, the surface crust and surface 
clods on fine sands and loamy fine sands tend to break 
down readily. On silt loams and silty clay loams the surface 
crust and surface clods may be preserved, and the relative 
erosion may be as little as one-sixth of I. Other soils react 
somewhere between these two extremes (Chepil1959). 

Because of the temporary nature of crusts, no adjustment 
for crusting is made for annual estimates based on the 
critical wind erosion period method (Woodruff and 
Siddoway 1973). However, crust characteristics may be 
estimated and adjustment to I may be made for management 
period estimates when no traffic, tillage, or other breaking 
o f  crusts is anticipated. Such adjustments may be up to, but 
may not exceed the percentages shown in table 502-2. 

Irrigation adjustments-The I values for irrigated soils, as 
shown in exhibit 502-2, are applicable throughout the year. 
I adjustments for irrigation are applicable only where 
assigned I values are 180 or less. 

Adjustments based on dry sieving-Temporal changes in 
the surface fraction > 0.84 millimeter may be measured by 
dry sieving. These measurements may be used to establish a 
basis for adjusting I for conservation planning when sieving 
has been performed for each management period and for 3 
years or more. The adjustment to I applies only to the 
respective time periods when the soil surface is influenced 
by changes in the nonerodible fraction. Therefore, the 
adjustment is used only with the management period proce- 
dure of estimating wind erosion. The procedure does 
expand the applicability of the equation to a management 
effect not previously addressed. When the 1 factor is ad- 
justed based on the results of sieving, no additional adjust- 
ment to I will be made for irrigated fields. Adjustments to 1, 

0 

based on sieving, should not be used without adequate 
supporting data. These adjustments reflect specific soil and 
management conditions and are only applicable in the 
area(s) from which samples were obtained and in areas that 
have similar soil and management conditions. 

Use of adjusted soil erodibility I factor, arrived at by using 
standard rotary sieving procedures, is warranted provided it 
represents soil surface conditions during the appropriate 
management period. Adjustments may be made up to, but 
should not exceed, limits assigned for crusting in table 
502-2. 

The I factor adjustment may be used where applicable in 
determining whether an adequate conservation system is 
being followed. However, I factor adjustments are not to be 
used in the erodibility index (CVT) when determining 
highly erodible land because this index is the potential 
erodibility and not an estimate of actual erosion. 

Current instructions for the National Resources Inventory 
(NRI) are to be followed. These instructions do not allow 
for any adjustment of the I factor. This ensures uniformity 
between States and allows for trend analysis. 

Studies to adjust 1 should be made systematically and 
include all related soil in a given area. Multiple-year soil 
sieving data is required before adjustments are to be consid- 
ered. 

The National Soil Survey Center must review and concur in 
any proposal to adjust I and arrange for laboratory assis- 
tance. Adjustments to I must also be approved by the 
National Soil Survey Center and correlated across state and 
regional boundaries before implementation. Any adjustment 
to I must be within the framework of the existing E tables. 

Figure 502-2 Graphic of knoll erodibility - 
Prevailing wind 
erosion direction 

Deposition 
occurs here 

I - Knoll erodibility 
adjustment applies here r Compressed air flow 

Surface stabili-A significant limitation of the I factor is 
that it does not account for changes in the soil surface over 
time that are caused by the dynamics of wind erosion. The 
erodibility of a bare soil surface is based on the interaction 
ofthe following: 

Soils that have both erodible and nonerodible par- 
ticles on the surface tend to stabilize if there is no 
incoming saltation. As the wind direction changes, the 
surface is disturbed, or the wind velocity increases, 
erosion may begin again. 
Saltation destroys crusts, clods, and ridges by abra- 
sion. 

Windward slope 500 feet 
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Fields tend to become more erodible as finer soil 
particles, which provide bonding for aggregation, are 
carried off in suspension. 
If the surface soil contains a high percentage of gravel 
or other nonerodible particles that are resistant to 
abrasion, the surface will become increasingly ar- 
mored as the erodible particles are camed away. 
Desert pavement is the classic example of surface 
armoring. A surface with only nonerodible aggregates 
exposed to the wind will not erode further except as 

1 the aggregates are abraded. 
A surface may be virtually nonerodible and yet allow 
saltation and creep to cross unabated. A paved high- 
way is an example. Other surfaces may be relatively 
stable and trap some, or all, of zthe incoming soil 
flow. Examples of this type of stability usually relate 
to some roughness, sheltering, or vegetative cover. A 
ridged field may trap a significant portion of the 
incoming soil flow until the furrows are filled and the 
surface loses its trapping capability. A vegetated 
barrier will provide a sheltered area downwind until 
the barrier is filled with sediment. 

50232 Soil roughness factor K, ridgeand 
randomroughness 

Kd is a measure of the effect of ridges made by tillage and 
planting implements. Ridges absorb and deflect wind 
energy and trap moving soil particles (fig. 502-3). 

The K, value is based on a standard ridge height to ridge 
spacing ratio of 1 :4. Because of the difficulty of determin- 
ing surface roughness by measuring surface obstructions, a 
standard roughness calibration using nonerodible gravel 
ridges in a wind tunnel was developed. This calibration led 
to the development of curves (fig. 5024 and exhibit 502- . 

Figure 502-3 - andfurrows 
Detachment, transport, and deposition on ridges 

,-Zone of removal 

accumulation 

movement 

and downward 
movement 

Figure 502-4 - Chan to determine soil ridge roughness factor, Krd, from ridge roughness, K,, (inches). Only this chart, representing an 
angle of deviation of O”, will be used for the WEQ critical period procedure. When using the management period 
procedure, see exhibit 502-4 for graphs representing additional angles of deviation. Note: This graph represents erosive 
wind energy 60?! parallel and 40% perpendicular to the prevailing erosive wind --Hagen 1996 
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4) that relate ridge roughness, K,, to a soil ridge roughness 
factor, Krd, (skidmore 1965; skidmore and Woodruff 1968; 
Woodnrff and Siddoway 1965; and Hagen 1996). 

The & curves are the basis for charts and tables used to 
determine &d factor values in the field (exhibits 5 0 2 4  and 
502-5). The effect of ridges varies as the wind direction 
and erodibility of the soil change. To take into account the 
change in wind directions across a field, we consider the 
angle of deviation. The angle of deviation is the angle 
between the prevailing wind erosion direction and a line 
perpendicular to the row direction. The angle of deviation is 
0 (zero) degrees when the wind is perpendicular to the row 
and is 90 degrees when the wind is parallel to the row. 
Following is an example of how the angle of deviation 
affects Krd values: when evaluating a soil with an assigned I 
value of 434 ,  and the prevailing erosive wind direction is 
perpendicular to ridges 4 inches high and 30 inches apart, 
then Krd is 0.5. But when the prevailing erosive wind 
direction is parallel to those ridges, the & value is 0.7. 
Random roughness, particularly in the furrows, significantly 
reduces wind erosion occurring from erosive winds blowing 
parallel to the ridges. 

In 1996, ARS scientists provided a method for adjusting the 
WQ &I factor with consideration for preponderance 
(erosive wind energy 60% parallel and 40% perpendicular 
to prevailing erosive wind direction) when using the Man- 
agement Period Procedure. The use of preponderence 
recognizes that during the periods when the prevailing 
erosive winds are parallel to ridges, there are other erosive 
winds during the same period which are not parallel, thus 
making ridges effective during part of each period. Prepon- 
derance keeps the K factor value less than 1 .O, when the 1 
factor values are 134 or less. When estimating wind erosion 
rates by management periods, without the aid of a computer 
model, the prevailing wind erosion direction and a default 
preponderance are used for each period. This procedure 
more adequately addresses the effects of the ridges in wind 
erosion control since erosive wind directions may vary 
within each management period. 

Note: When using the WEQ Excel spreadsheet 
model, the actual preponderance, up to and including 
a value of 4, for the period will be used, rather than a 
default value. 

The WEQ KIT factor accounts for random roughness. 
Random roughness is the nonoriented surface roughness 
that is sometimes referred to as cloddiness. Random rough- 
ness is usually created by the action of tillage implements. 

It is described as the standard deviation (in inches) of the 
soil surface elevations, measured at regular intervals from a 
fixed, arbitrary plane above a tilled soil surface, after 
oriented (ridge) roughness has been accounted for. Random 
roughness can reduce erosion significantly. Note: The 
random roughness factor will only be used with the WEQ 
management period procedure. 

Random roughness values have been developed for various 
levels of WEQ I factor values and surface random rough- 
ness (exhibit 5026). Random roughness curves only adjust 
the K factors of a soil that has an I factor value of 134 and 
leSS. 

The random roughness values used in the WEQ are the 
same random roughness values used in RUSLE. Random 
roughness (inches) from the machine operations data base in 
RUSLE can be used to determine WEQ random roughness 
values (table 502-7). However, keep in mind that these 
RUSLE random roughness values were determined for 
medium textured soils tilled at optimum moisture conditions 
for creating random roughness. Under most circumstances 
random roughness is determined by comparing a field surface 
to the random roughness (standard deviation) photos in the 
RUSLE handbook (Agriculture Handbook 703, appendix C). 

The photos in Agriculture Handbook 703, appendix C, 
may be downloaded from: 

http://www.nrcs.usda.gov/technicallECSlagronom yl 
roughness.html 

State agronomists should download, reproduce, and 
distribute the photographs to field offices. 

When both random roughness and ridge roughness are 
present in the field, they are complimentary. When both are 
present, the Krd factor for ridges and K, factor forrandom 
roughness will be multiplied together to obtain the total 
roughness K-factor. 

Example problem: Take into consideration just one WEQ 
management period. The soil in the field being evaluated 
has an I value of 86. The field has just been fertilized with 
anhydrous ammonia using a knife applicator. Considering 
the height and spacing of the oriented roughness, the ridge 
roughness Krd factor was determined to be 0.8. Using 
table 502-7, under random roughness (inches), the anhy- 
drous applicator has a core value of 0.6. Going into the ran- 
dom roughness (inches) graph (exhibit 502-6), on the hori- 
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zontal axis to 0.6, and then vertically to the line represent- 
ing an I factor of 86, the K, factor is rounded to 0.8. The 
total roughness value (K factor) is 0.8 x 0.8 = 0.64, then 
rounded to 0.6. 

The major effects of random roughness on wind erosion are 
to raise the threshold wind speed at which erosion begins 
and to provide some sheltered area among the clods where 
moving soil can be trapped. Hence, when the effectiveness 
of random roughness increases the total K-value decreases. 

Random roughness, particularly in the furrows, significantly 
reduces wind erosion occurring from erosive winds blowing 
parallel to the ridges. 

I 

Random roughness is subject to much faster degradation by 
rain or wind erosion than large tillage ridges. Therefore the 
WEQ management period, where random roughness is ef- 
fective, may be of short duration. 

For fields being broken out of sod, such as CRP, random 
roughness will be credited for erosion control. The field 
surface is usually covered with the crowns of plants, their 
associated roots, and adhering soil. The total random rough- 
ness of the field should be compared to the photos in the 
RUSLE handbook and credited appropriately. 

Surface roughening (emergency ti1Iage)-In some situa- 
tions, there is a need to control erosion on bare fields where 
the surface crust has been destroyed or where loose grains 
are on the surface and can abrade an existing crust. One 
method to reduce the erosion hazard on such fields is emer- 
gency or planned tillage to roughen the surface or increase 
nonerodible clods on the surface (random roughness). This 
may be accomplished by one or more of the following: 

0 

Soil that characteristically forms a crust with loose 
sand grains on the surface may be worked to create 
clods. The loose grains fall into the crevices between 
clods. This is the principle of sand fighting used in 
some emergency tillage. 
The soil may be deep tilled to bring up finer textured 
soil material that will form more persistent clods. 
lmgation increases the nonerodible fraction of a soil 
(exhibit 502-2). 
The surface may be worked into a ridge-furrow 
configuration that will trap loose, moving soil. 
The soil may be tilled in strips or in widely spaced 
rows to provide some degree of ridge and random 
roughness to break the flow of saltation and creep. 

502-1 2 
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502.33 Climatic factor, C 

The C factor is an index of climatic erosivity, specifically 
windspeed and surface soil moisture. The factor for any 
given location is based on long-term climatic data and is ex- 
pressed as a percentage of the C factor for Garden City, 
Kansas, which has been assigned a value of 100 (Lyles 
1983). In an area with a C factor of 50, for example, the 
IKC value would be only half of the IKC for Garden City, 
Kansas. 

The climatic factor equation is expressed as: 

v’ 
(PE)’ 

C = 34.48~- 

where: 
C = annual climatic factor 
V = average annual wind velocity 

PE = precipitationeffectiveness index of Thomthwaite 
34.48 = constant used to adjust local values to a common 

base (Garden City, Kansas) 

The basis for the windspeed term of the climatic factor is 
that the rate of soil movement is proportional to windspeed 
cubed. Several researchers have reported that when 
windspeed exceeds threshold velocity, the soil movement is 
directly proportional to friction velocity cubed which, in 
tum, is related to mean windspeed cubed (Skidmore 1976). 

The basis for the soil moisture term of the climatic factor is 
that the rate of soil movement varies inversely with the 
equivalent surface soil moisture. Effective surface soil 
moisture is assumed to be proportional to the Thomthwaite 
precipitation-effective- ness index (PE) (Thomthwaite 
193 1). The annual PE index is the sum of the 12 monthly 
precipitation effectiveness indices. The formula is ex- 
pressed as follows: 

where: 
PE = the annual precipitation effectiveness index 
P = average monthly precipitation 
T = average monthly temperature 

The C factor isoline map developed by NRCS in 1987 can 
accessed at: 

h ttp://data4.ftw.nrcs.usda.gov/website/c-values 
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Complete instructions for viewing the map are given in ex- 
hibit 502-8. The map displays C factors for all areas of the 
conterminous United States and Alaska. The isolines were 
drafted to conform with local C factors calculated from 
195 1-80 weather data and were correlated across state and 
regional boundaries. Procedures for developing local C fac- 
tors are explained in exhibit 502-9. 

1. Interpolation of W Q  climatic factors (C)- States 
may interpolate between county assigned C values to 
the nearest 5 units based on the National C Factor 
Isoline Map or the state C Factor Isoline Map in the 
Field Ofice Technical Guide (FOTG). When interpo- 
lating between values, knowledge of the local climatic 
and topographic conditions is extremely usefid since 
climatic conditions can vary disproportionately 
between C factor value isolines. 

2. Where WEQ soil loss (E) tables have been developed 
with C factor increments greater than 5 units, a 
straight line interpolation to the nearest C factor value 
of 5 may be made fiom existing E tables. Straight line 
interpolations can also be made from the soil losses 
(E.) calculated with approved WEQ computer soft- 
ware, when C factors programmed into the model are 
in increments greater than 5 units. 

0 
3. C factor interpolations are for the purpose of conser- 

vation planning only and are NOT to be used in 
determining or adjusting previous highly erodible 
land (HEL) designations. However, they may be used 
during status reviews to determine if an individual is 
actively applying a conservation system. Previous 
national policy, regarding the changing of prior HEL 
designations, remains in effect. 

Effects of irrigation water on the C factor-When im'ga- 
tion water is applied to a dry soil surface, a reduction in 
wind erosion can be expected. A specific procedure to 
directly adjust the climatic factor C for irrigation is not 
available. However, a procedure has been developed by 
researchers to adjust the Erosive Wind Energy (EWE) by 
the fraction of time during which the soil is considered wet 
and nonerodible because of irrigation. See 502.3 1 and 
exhi bit 5 02-2. 

The procedures that follow adjust the Erosive Wind Energy 
(EWE) value which planners are to use when estimating 
wind erosion on imgated fields. This adjustment is for the 
WEQ Management Period Procedure. States where wind 

erosion is a concern should replace previous methods used 
to adjust for the effects of imgation and utilize this proce- 
dure and the procedure for adjusting the I factor, for all 
plan revisions or new planning activities. This new proce- 
dure, however, does not impact designated highly erodible 
lands (HEL) or new determinations since management 
practices are not considered in the HEL formula. 

Note: Irrigation adjustments to EWE and to the 1 factor, 
apply to fully imgated fields and to fields that receive 
supplemental irrigation water. 

Research scientists have developed an lmgation 
Factor (IF) that adjusts the EWE or period erosion 
loss to account for the effect of irrigation wetting the 
soil surface and making it less erodible. The IF takes 
into account the number of days in a management 
period, number of irrigation events during a manage- 
ment period, and a Texture Wetness Factor (TWF). 
To account for the nonerodible wet condition of 
various soil textures after imgation, a TWF of 1,2, or 
3 is assigned to coarse, medium, and fine textured 
soil, respectively. See exhibit 502.2 for values as- 
signed to the various soil groups. 
The IF is calculated with the following equation: 
IF = number of days in period minus (-) nonerodible 

wet days in period (NEWD), divided by the 
number of days in period. 
Nonerodible Wet Days (NEWD) are equal to 
the Texture Wetness Factor (TWF) times the 
number of irrigation events in the period. 

When using the WEQ to account for the effects of 
irrigation, multiply the EWE for the period by the IF. 
Example: A fine textured soil was imgated three 
times during 45 days. Twelve percent of the annual 
EWE occurs during this period. Therefore: 

TWF = 3 for fine textured soil 
Number of irrigations during the period = 3 

IF = (45 days - 9)/45 = 0.80 
NEWD = (3)(3) = 9 

The adjusted EWE for 45 days is then determined by 
multiplying IF times the percentage of annual erosion 
wind energy during the period being evaluated. 

Adjusted EWE = (.go)( 12%) = 9.6 % 

Note: The EWE shall not be adjusted for any manage- 
ment period where irrigation does not occur. 
The WEQ factors (C & I) used to determine the 
Erodibility Index (El), will not be adjusted when 
determining highly erodible land ( E L )  on cropland 
that is irrigated. 
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502.34 Unsheltered distance, L 

The L factor represents the unsheltered distance along the 
prevailing wind erosion direction for the field or area to be 
evaluated. Its place in the equation is to relate the isolated, 
unsheltered, and wide field condition of I to the size and 
shape of the field for which the erosion estimate is being 
prepared. Because V is considered after L in the 5-step so- 
lution of the equation (502.22), the unsheltered distance is 
always considered as if the field were bare except for veg- 
etative barriers. 

1. L begins at a point upwind where no saltation or 
surface creep occurs and ends at the downwind edge 
of the area being evaluated (figure 502-5). The point 
may be at a field border or stable area where vegeta- 
tion is sufficient to eliminate the erosion process. An 
area should be considered stable only if it is able to 
trap or hold virtually all expected saltation and 
surface creep from upwind. If vegetative barriers, 
grassed waterways, or other stable areas divide an 
agricultural field being evaluated, each subdivision 
will be isolated and shall be evaluated as a separate 

Figure 502-5 Unsheltered distance L 

\ Stable area 

\ 

I 
Isolated field 

\ *  L S t a b l e  area 

!ncom!ng saltation 

L begins at 
stable boundary 

Field not isolated 

field. Refer to the appropriate NRCS Conservation 
Practice Standards to determine when practices are of 
adequate width, height, spacing, and density to create 
a stable area. 

2. When erosion estimates are being calculated for 
cropland or other relatively unstable conditions, 
upwind pasture or rangeland should be considered a 
stable border. However, if the estimate is being made 
for a pasture or range area, L should be determined 
by measuring from the nearest stable point upwind of 
the area or field in question (figure 502-6). The only 
case where L is equal to zero is where the area is hl ly  

.sheltered by a bamer. 

3. When a bamer is present on the upwind side of a 
field, measure L across the field along the prevailing 
wind erosion direction and subtract the distance 
sheltered by the bamer. Use 10 times the bamer 
height for the sheltered distance (figure 502-7). 

Figure 502-6 - (pasture or range) 
Unsheltered distance L, perennial vegetation 

\ 

Unsheltered distance 'L" perennial 
vegetation (pasture or range) 

Figure502-7 

\ r Windbreak 

Unsheltered distaqnce L - windbreak or barrier - 
H Sheltered area L = 0 
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4. When a properly designed wind stripcropping system 
is applied, alternate strips are protected during critical 
wind erosion periods by a growing crop or by crop 
residue. These strips are considered stable. L is 
measured across each erosion-susceptible strip, along 
the prevailing wind erosion direction (figure 502-8). 

The prevailing wind erosion direction is the direction from 
which the greatest amount of erosion occurs during the 
critical wind erosion period. The direction is usually ex- 
pressed as one of the 16 compass points. When predicting 
erosion by management periods, the prevailing wind ero- 
sion direction may be different for each period (exhibit 
502-7a). 

Preponderance is a ratio between wind erosion forces 
parallel and perpendicular to the prevailing wind erosion 
direction. Wind forces parallel to the prevailing wind 
erosion direction include those coming from the exact 
opposite direction (1 SO0). A preponderance of 1 .O indicates 
that as much wind erosion force is exerted perpendicular to 
the prevailing direction as along that direction. A higher 
preponderance indicates that more of the force is along the 
prevailing wind erosion direction. Wind patterns are com- 
plex; low preponderance indicates high complexity and as a 
result, less wind will be from the prevailing erosive wind 
direction than locations that have a high preponderance. 

L can be measured directly on a map or calculated using a 
wind erosion direction factor: 

For uses of the Wind Erosion Equation involving a 
single annual calculation, L should be the measured 
distance across the area in the prevailing wind erosion 
direction from the stable upwind edge of the field to 
the downwind edge of the field. When the prevailing 

Figure 502-8 Unsheltered distance L, stripcropping system - 
\ 

Planning area (field) 

wind erosion direction is at an angle that is not per- 
pendicular to the long side of the field, L can be 
determined by multiplying the width of the field by the 
appropriate conversion factor obtained from table 502-3. 

For management period calculations, wind erosion 
direction factors based on preponderance are to be 
used instead of a measured distance to determine L 
except 
- Where irregular fields cannot be adequately 

represented by a circle, square, or rectangle. 
- Where preponderance data are not available. 

Steps to determine L for management period estimates: 
1. Obtain local values for prevailing the wind erosion 

direction and preponderance (exhibit 502-7a). 
2 Measure actual length and width of the field and 

determine the ratio of length to width. 
3. Determine angle of deviation between prevailing 

wind erosion direction and an imaginary line 
perpendicular to the long side of the field. 

Using data from steps 1 through 3, determine the wind 
erosion direction factor from wind erosion direction factor 
tables, tables 502-8 1 a-e. These are adjustment factors that 
account for prevailing wind erosion direction, preponder- 
ance of wind erosion forces, and size and shape of the field. 

Multiply the width of the field by the wind erosion direction 
factor. This is the L for the field. 

If a bamer is on the upwind side of the field, reduce L by a 
distance equal to 10 times the height of the barrier. 

For circular fields, L = 0.91 5 times the diameter, regardless 
of the prevailing wind erosion direction or preponderance. 

u Table502-3 Wind erosion direction factors 

Angle of deviation ' 
- 

Adjustment factor 

0 
22.5' 

67.5' 
4 5 O  

9oo 

1 .oo 
1.08 
1.41 
2.61 
L = Length of field 

I/ These adjustment facton are applicable when preponderance is not 
considered. L cannot exceed the longest possible measured distance 
across the field. 
Angle of deviation of the prevailing erosive wind from a direction 
perpendicular to thc long side of  the field. 

2/ 
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50235 Vegetative cover factor, V 

The effect of vegetative cover in the Wind Erosion Equa- 
tion is expressed by relating the kind, amount, and orienta- 
tion of vegetative material to its equivalent in pounds per 
acre of small grain residue in reference condition Small 
Grain Equivalent (SGe). This condition is defined as 10 
inch long stalks of small grain, parallel to the wind, lying 
flat in rows spaced 10 inches apart, perpendicular to the 
wind. Several crops have been tested in the wind tunnel to 
detkrmine their SGe. For other crops, small grain equiva- 
lency has been computed using various regression tech- 
niques (Armbrust and Lyles 1985; Lyles and Allison 1980; 
Lyles 1981; Woodruff et al. 1974; Woodruff and Siddoway 
1965). NRCS personnel have estimated SGe curves for 
other crops. SGe curves are in exhibit 502-1 0. 

Position and anchoring of residue is important. In general, 
the finer and more upright the residue, the more effective it 
is for reducing wind erosion. Knowledge of these and other 
relationships can be used with benchmark values to estimate 
additional SGe values. 

Research is underway to develop a method of estimating the 
relative erosion control value of short woody plants and 
other growing crops. 

Several methods are used to estimate the kind, amount, and 
orientation of vegetation in the field. Often the task is to 
predict what will be in the field in some future season or 
seasons. Amounts of vegetation may be predicted from pro- 

duction records or estimates and these amounts are then re- 
duced by the expected or planned tillage. It may be desir- 
able to sample and measure existing residue to determine 
quantity of residue. Local data should be developed to esti- 
mate surface residue per unit of crop yield and crop residue 
losses caused by tillage. 

The crown of a plant, its associated roots, and adhering soil 
should also be credited when doing transects to determine 
residue cover. Employees will need to use their best judg- 
ment when deciding which crop curve to use when convert- 
ing from percent ground cover to mass and then selecting a 
curve to convert the residue mass to SGe. 

If you encounter a crop, residue, or a iype of vegetation for 
which an SGe curve has not been developed. exhibits 502- 
11 and 502-12 give procedures to develop an interim SGe 
curve. Any SGe curve developed in this way must be sub- 
mitted to the National Agronomists or the Cooperating Sci- 
entist for wind erosion for approval. 
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502.40 General 

However, if a special management condition is going to be 
maintained, such as crusts or irrigation, a modification of I 
is appropriate. Also, I is increased by a knoll erodibility 
factor where appropriate. See 502.3 1. This adjustment is 
not appropriate if the knoll condition is modified through 
landforming or use of bamers to protect the knoll. 

Five principles of wind erosion control have been identified 
(Lyles and Swanson 1976; Woodruff et al. 1972; and 
Woodruff and Siddoway 1965). These are as follows: 

Establish and maintain adequate vegetation or other 
landcover. 
Reduce unsheltered distance along wind erosion 
direction. 
Produce and maintain stable clods or aggregates on 
the land surface. 
Roughen the land with ridge and/or random rough- 
ness. 
Reshape the land to reduce erosion on knolls where 
converging windflow causes increased velocity and 
shear stress. 

The cardinal rule of wind erosion control is to strive to 
keep the land covered with vegetation or crop residue at all 
times (Chepil 1956). This leads to several principles that 
should be paramount as alternative controls are considered: 

0 
Return all land unsuited to cultivation to permanent 
cover. 
Maintain maximum possible cover on the surface 
during wind erosion periods. 
Maintain stable field borders or boundaries at all 
times. 

502.41 Relation of control to WEQ factors 

The Wind Erosion Equation (WEQ) was developed to 
relate specific field conditions to estimated annual soil loss. 
Of the five factors, two (I and C) are often considered to be 
fixed while the other three (IC, L, and V) are generally 
considered variable or management factors. This is not 
precisely true. 

The 1 factor is related to the percentage of dry surface soil 
fractions greater than 0.84 millimeters. Its derivation is 
usually based on the Wind Erodibility Group. 

Knoll erodibility adjustments to I relate to wind direction; 
low preponderance indicates that knoll erodibility will vary 
widely as wind direction changes. 

Total K reflects the tilled ridge roughness and random 
roughness in a field. This is a management factor. Stability 
of tilled roughness is related, however, to soil erodibility, 
climate, and the other erosion factors. 

Ridge roughness relates to ridge spacing in the wind erosion 
direction. Even with optimum orientation of rows, some of 
the winds will be blowing parallel to the rows when prepon- 
derance is low. I 

Random roughness relates to the nonoriented surface 
roughness that is often referred to as cloddiness. Random 
roughness is described as the standard deviation of eleva- 
tion from a plane across a tilled area after taking into 
account oriented (ridge) roughness. 

The C factor is based on long-term weather records. Con- 
servation treatment should be planned to address the critical 
climatic conditions when high seasonal erosive wind energy 
is coupled with highly erodible field conditions. 

The unsheltered distance L is a management factor that can 
be changed by altering field arrangement, stripcropping, or 
establishing windbreaks or other barriers. L is a function of 
field layout as it relates to prevailing wind direction and 
preponderance of erosive winds in the prevailing direction. 

When preponderance values are high (more than 2.5 and 
approaching 4.0), conservation treatment should be concen- 
trated on addressing potential erosion from the prevailing 
wind erosion direction. 

When preponderance values are low (approaching 1 .O), 
knowledge of local seasonal wind patterns becomes more 
important in planning treatment. Conservation treatment 
should be planned to allow for the effect of seasonal 
changes in the prevailing wind erosion direction. 
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A stable strip across an agricultural field divides the area 
into separate fields. Examples of stable areas include grass 
waterways, hedges and their sheltered area, brushy draws or 
ravines, roadways with grass borders, grass strips, and 
drainage or irrigation ditches. 

To be considered stable, an area must be able to stop and 
hold virtually all of the expected saltation and surface 
creep. Be aware that an area may be stable during one crop 
stage, but not stable in other seasons. 

V is the equivalent vegetative cover maintained on the soil 
surface. It is directly related to the management functions of 
crop establishment, tillage, harvesting, grazing, mowing, or 
burning. 

I 

502.42 Tolerances in wind erosion control 

In both planning and inventory activities, NRCS compares 
estimated erosion to soil loss tolerance (T). T is expressed 
as the average annual soil erosion rate (tons/acre/year) that 
can occur in a field with little or no long-term degradation 
of the soil resource, thus permitting crop productivity to be 
sustained for an indefinite period. 

Soil loss tolerances for a named soil are recorded in the soil 
survey data base in NASIS. 

The normal planning objective is to reduce soil loss by 
wind or water to T or lower. In situations where treatment 
for both wind and water erosion is needed, soil loss esti- 
mates using the WEQ and USLE or RUSLE are not added 
together to compare to T. 

Additional impacts of wind erosion that should be consid- 
ered are potential offsite damages, such as air and water 
pollution and the deposition of soil particles. 

Crop tolerance to soil blowing may also be an important 
consideration in wind erosion control. Wind or blowing 
soil, or both, can have an adverse effect on growing crops. 
Most crops are more susceptible to abrasion or other wind 
damage at certain growth stages than at others. Damage can 
result from desiccation and twisting ofplants by the wind. 

Crop tolerance can be defined as the maximum wind ero- 
sion that a growing crop can tolerate, from crop emergence 
to field stabilization, without an economic loss to crop 
stand, crop yield, or crop quality. 

(a) 
Some of the adverse effects of soil erosion and blowing soil 
on crops include: 

Blowing soil effects on crops 

Excessive wind erosion that removes planted seeds, 
tubers, or seedlings. 
Exposure of plant root systems. 
Sand blasting and plant abrasion resulting in 
- cropinjury 
- cropmortality 
- lower crop yields 
- lower crop quality 
- wind damage to seedlings, vegetables, and 

orchard crops. 
Burial of plants by drifting soil. 

@) 
Many common crops have been categorized based on their 
tolerance to blowing soil. These categories of some typical 
crops are listed in table 502-4. Crops may tolerate greater 
amounts of blowing soil than shown in table 5024, but 
yield and quality will be adversely affected. 

Crop tolerance to blowing soil or wind 

(c) The effects of wind erosion on water quality 
Some of the adverse effects of wind erosion on water 
quiality include: 

Deposition of phosphorus (P) into surface water 
Increased Biochemical Oxygen Demand 

Reduced stream conveyance capacity because of 
deposited sediment in streams and drainage canals 

(BOD) in surface water 

Local water quality guidelines under Total Maximum Daily 
Loads (TDML) for nutrients may require that wind erosion 
losses be less than the soil loss tolerance (T) in order to 
achieve local phosphorus (P) or other pollutant reduction 
goals. 

For a phosphorus (P) intrapment estimation procedure, see 
the Core 4 manual, chapter 3C, Cross Wind Trap Strips, 
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Exhibit 502-2 Wind erodibility groups and wind erodibil- 
ity index 

Soil , EWE Predominant soil texture Wind s o d  Soil 
t e x m  texture class of surface laycr Erodibility Erodibility Erodibility 

(todadyr) for irrigated 
soils 

(ton/ac~yr)~ 

Group 3 Index Uh, Index (I) E 3  P E G )  

C 

C 

C 

F 

M 

M 

M 

1 Vcry fine sand, fine sand, 
sand, or coarse sand 

1 

1 Loamy very fine sand, loamy fine sand, 2 
loamy sand, loamy coarse sand, sapric 
organic soil materials, and all horizons 
that meet andic soil properties as per 
Criteria 2 in Soil Taxonomy, regardless 
of the fmc earth texture 

1 Very fine sandy loam, fine sandy loam, 3 
sandy loam, coarse sandy loam, and 
noncalcareous silt loam with 35 to 50% 
vny fine sand and <lo% clay 

3 Clay, silty clay, noncalcareous clay loam, 4 
or silty clay loam with more than 35% clay 

3104 310 
250 250 
220 220 
180 I60 
160 134 

I34 104 

86 
. .  

4L 7 2 Calcareous loam and silt loam or 
calcareous clay loam and silty clay loam 

2 Non-calcareous loam and silt loam with 5 
more than 20?h clay (but does not meet 
WEG 3 criteria), oisandy clay loam&mdy 
clay, and hemic organic soil materials 

2 Non-calcareous loam and silt loam with 6 
more than 20% clay, or noncalcareous clay 
loam with less than 35% clay or silty clay 
loam with less than 35% clay 

48 21 

2 Silt and fibric organic soil material 7 38 - 
- - Soils not susceptible to wind erosion - - AciorA; / r~ to So;/ 

because of surface rock and pararock 
fragments or wetness ~ v e y ,  Go\Aen Are4 

1/ Soil texture, C = Coarse; M =Medium; F =Fine 
2/ Texture wemess factor for adjustment of Erosive Wind Energy (EWE) for the period (Irrigated fields only). 
3/ For all WEGs except sand and loamy sand textures, if percent rock and pararock fragments (>2mm) by volume is 15-35, reduce I value by one group 

with more favorable rating. If percent rock and pararock fragments by volume is 35-60, reduce I value by two favorable groups except for sands and 
loamy sand tcxturcs which are reduced by one group with more favorable rating. If percent rock and pararock fragments by volumc is more than 60, use 
I value of zero for all tcxtum except sands and loamy sand textures which are rcduced by three groups with more favorablc rating. 

4 The wind erodibility index is based on the relationship of dry soil aggregates greater than 0.84 millimeters to potential soil erosion. Value for irrigated 
soils is applicable throughout the year. Values for irrigated soils determined by Dr. E.L. Skidmore, USDA, ARS, Wind Erosion Research Unit, Manhat- 
tan, Kansas. 

5/ The I factor for WEG 1 vary from 160 for come sands to 3 10 for very fine sands. Use an I value of 220 as an average figure. 
6' Vitrandic, Vitritomndic, and Vitrxcrandic Subgroups with ashy textural modifiers move one group with less favorablc rating. 
7/ Calcareous is a strongly or violently effervescent reaction of the fineearth fraction to cold dilute (IN) HCL. 
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Exhibit 502-6 Random roughness factor, K,, graph 
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Random roughness, s a .  deviation (inches) 

Graph to convert random roughness heights (standard deviation in inches) to WEQ K-subfactors for random roughness. K 
subfactors vary by I factors assigned to soil groups. 

Random roughness is defined as the standard deviation (in inches) of the soil surface elevations, measured at regular intervals 
from a fixed arbitary plane above a tilled soil surface, after oriented roughness has been considered. 

Random roughness photos and associated random roughness (standard deviation) values are in Predicting Soil Erosion by 
Water: A Guide to Conservation Planning With Revised Universal Soil Loss Equation (RUSLE), 1997, Agriculture Hand- 
book 703, appendix C, or can be downloaded at 

http:/www.nrcs.usda.gov/technicayECS/agronomy/roughness. html 

~ 

Table 502-6 - Table converts random roughness heights (standard deviation in inches) to WEQ K subfactors (K,) for random rough- 
ness. & values vary by I factors assigned to soil Wind Erodibility Groups. 

Random roughncss (standard deviation, inches) 
0.2 0.4 0.6 0.8 1 .o 1.2 1.4 1.6 1.8 2.0 

I Factors Krr values 

>134 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
134 1.00 0.99 0.98 0.96 0.93 0.91 0.98 0.96 0.85 0.84 
104 1.00 0.94 0.88 0.82 0.78 0.74 0.71 0.69 0.67 0.66 
86 1.00 0.87 0.76 0.67 0.61 0.57 0.54 0.52 0.50 0.48 
56 orless 1.00 0.71 0.50 0.38 0.31 0.27 0.25 0.23 0.23 0.22 

~~~ ~~~ 

(19O-V-NAM, 3rd Ed, October 2002) 
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Part 502 Wind Erosion National 
Agronomy 
Manual 

Figure a-1 Flat small grain equivalents of small grain residue (use for wheat, barley, rye, oats) - 
10,000 

8,000 
7,000 
6,000 

I 6,000 
4,000 

F 

2 
3 2,000 

2 3,000 

'& 400 w 
300 

200 

100 
20 30 40 60 60 80 100 200 300 400 600 700 1,000 2,000 3; 00 6,000 10,000 t Small grain residue (lb/ac) 

Reference condition: Dry small grain stalks 10 inches long, lying flat on the soil surface in 10-inch rows, rows perpe 'cular to wind direction, 
stalks oriented to wind direction. Residue is washed, air dried, and placed as described for the wind tunnel tests. 

Source: Lyles and Allison- Trans. MAE 1981,24 (2): 405408. 
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Figure d-8 Flat small grain equivalents of ungrazed western wheatgrass, needleandthread, blue grama, and buffalograss mixtures - 
10,000 

8,000 
7,000 
6,000 

6,000 

4,000 

n 3,000 s 
2 
0)  2,000 

2 
t! 
4 
60 1,000 
4 
c, 700 
4600 

- 
v 
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m 

800 

200 

100 
2,000 3,000 10 20 30 40 50 60 7080 100 200 300 400 600 700 1,00 

Ungrazed mixtures of grass (Wac) 

Reference condition: Dry small grain stalks 10 inches long, lying flat on the soils surface in 10 inch rows perpendicul 
stalks oriented to wind direction. 

Source: Lyles and Allison, 1980, Journal Range Management, 33(2), pages 143-146. 

(I90-V-NAM, 3rd Ed., October 2002) 502-93 



SUBPART G - EXHIBITS 

18.3 
15.2 
13.5 

502.60(a) 

50 G s u m e  V = \ ~ C O  15.1 10.7 6.7 3.1 1.2 
12.5 8.7 5.4 2.4 0.9 
11.0 7.6 4.6 2.0 0.7 

(E)* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR JANUARY, 1998 
C = 30 

SURFACE - K =1.00 I = 86 
(L) (V)** - FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE 

UNSHELTERED 
DISTANCE 
IN FEET 
10000 
8000 
6000 
4000 
3000 
2000 
1000 
800 
600 
400 
300 
200 
150 
100 
80 
60 
50 
40 
30 
20 
10 

(Ll 

0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 

(E)* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR JANUARY, 1998 
C = 30 

SURFACE - K ~ 0 . 9 0  I = 86 
(VI** - FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE 

UNSHELTERED 
DISTANCE 0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 
IN FEET 
10000 23.2 19.3 14.0 9.1 4.4 1.8 0.7 
8000 23.2 19.3 14.0 9.1 4.4 1.8 0.7 
6000 23.2 19.3 14.0 9.1 4.4 1.8 0.7 
4000 22.9 19.1 13.8 8.9 4.3 1.7 0.6 
3000 22.5 18.7 13.5 8.7 4.2 1.7 0.6 
2000 21.4 17.7 12.8 8.2 3.9 1.5 0.6 
1000 18.6 15.3 10.9 6.9 3.2 1.2 
800 17.5 14.4 10.2 6.4 2.9 1.1 
600 15.3 12.5 8.8 5.4 2.4 0.9 
400 13.3 10.8 7.5 4.5 2.0 0.4 
300 11.7 9.5 6.5 3.8 1.6 0.3 
200 9.2 7.4 5.0 2.9 1.2 0.3 
150 7.0 5.5 3.6 2.0 0.7 
100 4.9 3.8 2.4 1.3 0.4 
80 4.1 3.2 2.0 1.1 0.4 
60 3.0 2.3 1.4 0.7 
50 2.3 1.7 1.0 0.5 
40 1.8 1.4 0.7 
30 1.3 1.0 0.5 
20 0.8 0.5 
10 

* NOTE: SOIL LOSS FOR VALUES WHERE 'E' IS LESS THAN 0.1 OR GREATER THAN 
440.0 ARE NOT SHOWN; OTHER VALUES NOT SHOWN ARE INVALID 

* *  NOTE: VALUES SHOWN ARE FLAT SMALL GRAIN EQUIVALENT, NOT 'V' 

(lgO-V-NAM, Third Ed., January 1998) 



SUBPART G - EXHIBITS 

9.4 
'7.5 
5.9 
4.3 
3.3 
2.2 
1.8 
1.2 
0.9 
0.8 

502.60(a) 

(E)* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR JANUARY, 1998 

(L) 
UNSHELTERED 
DISTANCE 0 
IN FEET 
10000 16.8 
8000 16.8 
6000 16.8 
4000 16.0 
3000 15.2 
2000 14.3 
1000 rn 
800 rl.dT 
600 
400 
300 
200 
150 
100 
80 
60 
50 
40 
30 

250 

13.8 
13.8 
13.8 
13.2 
12.5 
11.6 
9.6 
8.9 
7.5 
6.0 
4.7 
3.3 
2.5 
1.7 
1.3 
0.9 
0.5 
0.4 

C = 30 
I = 56 SURFACE - K ~1.00 

(V)** - FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE 

500 

9.7 
9.7 
9.7 
9.2 
8.7 
8.1 
6.6 
6.1 
5.1 
4.0 
3.0 
2.1 
1.6 
1.0 
0.7 
0.5 

750 

6.1 
6.1 
6.1 
5.7 
5.4 
4.9 
3.9 
3.6 
2.9 
2.2 
1.6 
1.1 
0.7 
0.5 

1000 

2.8 
2.8 
2.8 
2.6 
2.4 
2.2 
1.7 
1.5 
1.2 
0.7 
0.5 
0.4 

1250 1500 1750 2000 2250 2500 2750 3000 

1.0 
1.0 
1.0 
0.9 
0.9 

(L) 
UNSHELTERED 
DISTANCE 
IN FEET 
10000 
8000 
6000 
4000 
3000 
2000 
1000 
800 
600 
400 
300 
200 
150 
100 
80 
60 
so 
40 
30 
20 
10 

(E)* SOIL LOSS FROM WIND EROSION IN TONS PER ACRE PER YEAR JANVARY, 1998 
C = 30 

SURFACE - K 50.90 I = 56 
(V)** - FLAT SMALL GRAIN RESIDUE IN POUNDS PER ACRE 

0 250 

15.1 12.4 
15.1 12.4 
15.1 12.4 
14.3 11.7 
13.7 11.2 
12.8 10.4 
10.5 8.5 
9.4 7.6 
7.9 6.3 
6.1 4.9 
4.8 3.8 
3.6 2.8 
2.5 1.9 
1.7 1.3 
1.4 1.1 
0.9 0.5 
0.8 0.4 
0 . 6 '  0.4 

500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 

8.7 5.3 2.4 0.9 
8.7 5.3 2.4 0.9 
8.7 5.3 2.4 0.9 
8.2 5.0 2.2 0.8 
7.8 4.7 2.1 0.7 
7.2 4.3 1.9 0.4 
5.8 3.4 1.4 0.3 
5.1 3.0 1.2 0.3 
4.2 2.4 0.8 
3.2 1.7 0.6 
2.4 1.3 0.4 
1.7 0.8 
1.2 0.5 
0.7 
0.6 

NOTE: SOIL LOSS FOR VALUES WHERE 'E' IS LESS THAN 0.1 OR GREATER THAN 
440.0 ARE NOT SHOWN; OTHER VALUES NOT SHOWN ARE INVALID 

** NOTE: VALUES SHOWN ARE FLAT SMALL GRAIN EQUIVALENT, NOT 'VI 

(190-V-NAM, Third Ed., January 1998) 
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Moderate 

Low------- 
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Sol1 name and 
map symbol 

0.43 1 
0.43 ---- 
0.28 5 
0.28 
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0.32 2 
0 2 4 I 

I ---- 

0.28 5 
0.28 
0.28 
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R! 
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1 4  
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TABLE 15. --PESICAL AND CHFNICAL PROPERTIES OF THE SOILS--Continu I 
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043-2246.0001 ! ) ~ t 1 1 h c r 4 4  

A K -  1 PARTICLE Sl.ZE DISTRIBUTION & ATTERRERC LIMITS V5Q4 am ~ 4 2 1 ,  ~ 9 2 2 ,  ~ 4 3 ~ 8  

PROJEO NAME: 

TYPE: 

. Rocky FlQtS/Fkld 4 Lnb TestlngCO 
SAMPLE ID: APR-I Depth (It): - 

J3lJLK 

~oN3€QS\OAl 

31% 

. ' 101: 10 I 9.1 Q.01 0.Wl 

PartlcIc In millimctcrs 
. . . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  

.... 
U 

I)ESCRI~TION: Strong brown (7.55 YR 5/6)  clayey grnvcl with firm I 0, c \ \  T 

Golder Associates J,nc. 



1ctobcr-04 043-2246.0( 

APR-2 PARTICLE SIZE DISTRJRUTJON & A7TKRRERC LJMITS W b A  ASTM D421 0422, D43 J 8 

PROJECT WAMB: Rocky PlaWFleld ft Lnb TtxtlnglCO 
L SAMPL6 ID. O R - 2  Depth (n): - rOhJV Et. S \ Q d  

. . .  

- _. --- ___, 
NPE: BULK 

. . . . . . . . . . . .  ...*. ..... .. ................. ......._.. I.... -- .... ...... 

IW 

90 

RO 

K 70 

1' fl, 
n 

50 
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It 

I! 
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20 

In - 
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I INJO 100 10 1 0.1 0.01 r).OOl 

Partlclc nlzc in rnllllrneters 
........... ... , ................. . . . . . . . . . . . . . .  ,-.... . . . .  

rmnr Plm Eanz M ~ l i r l s  1 PW Pill Of o u y  

cc)BIILP$ OMVBI. SAND PINAS I 
Pomcle Sim P W J C  SI% 

(nint) X Pdrrin~ Clnnmficol~no P m o g e  
12.0" 304.n 100.0 1 \ 

6rl" 154.2 100.0 C6bblal I IG.90 
6.0" 134.2 100.0 

13.4 
. c200 I 0.075 I I 6.9 flnc Ssnd 8.31 

.. 
0.036 9.u 

R.9 
0.013 8.4 Flncr 
o,w4 7 s  Silt or Clay 10.94 

2 

7.3 
6. I 
5.2 i 

. . . . . . . . . . . . . . . . . . .  

TECIi E 

Gdder Associates Inc. 



nuary-05 043-2246.000: 

PARTICLE SIZE DISTRIBUTION & A'ITERBERG LIMITS 
ASTM D421, D422, D4318 CUP-2 

PROJECT NAME: 
SAMPLE ID: CUP-2 Depth@): - 
TYPE: BULK 

Rocky FlatdField & Lab TestinglCO 

COBBLES 

12' 3' 2' I' 314' 

GRAVEL I SAND FINES 

1000 

DESCRIPTION: 

USCS: 

100 

Moderate yellowish brown ( I O Y R  414) clayey sand 
with gravel 

sc 1 

n' M 1110 120 wo 1160 Yloo 

10 1 0.1 

Particle size in millimeters 

0.01 0.001 

(mm) Y.Fm 

0.036 26.4 
0.023 25.0 
0.013 23.7 F i n a  

0.0095 22.0 silt or Clay 29.34 
0.0068 20.2 
0.0033 18.4 
0.0014 15.4 

PLASTICITY CHART 

0 IO 20 30 40 SO 60 70 80 90 100 110 

LIQUlD LIMIT (LL) 

ATTERBERG LIMITS 
w LL PL PI spc 

- 1 50 I 18 I 32 I - I 

REVIEW 

Golder Associates Inc. 93 
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PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D422, D4318 Cb e-3 

PROJECT NAME: 
SAMPLE ID: CUP-3 Depth (ft): 
TYPE: BULK 

Rocky FlatdField & Lab TestinglCO - 

_ .  
1000 100 10 1 0.1 

Particle size in millimeters 

0.01 0.001 

COMC Fm COMC Medium F h  I Silt or Clay 

GRAVEL SAND FINES I COBBLES 

Psnicle Size Panicle Size 

(mm) %Pasing 

12.0 I 304.8 I 100.0 

6.0" I 154.2 I 100.0 

Clauification 

Cobbles 

corn Gravel 

Fine Gravel 

percentage 

0.00 

0.00 

14.73 
12.26 

24.86 

20.91 

PLASTICITY CHART 

0 10 20 30 40 50 60 70 M) 90 100 110 
LIQUID LlMlT (LL) 

(mm) %Finer 

0.037 21.5 

0.023 20.2 
0.013 19.8 Fines 

0.0096 19.4 Silt or Clay 21.24 
0.0067 18.6 
0.0033 16.5 
0.0014 14.9 270/, 6 r a w  

SOJ/, sahb 
7% si It 

REVIEW uscs: \ b %  c\&d 

ATTERBERG LIMITS 
Y LL PL PI spc - 44 17 21 - 

Golder Associates Inc. 
'9 4 
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LANDFILL ENGINEERING - REGULATORY REVIEW DESIGN 
SURFACE WATER MANAGEMENT SYSTEM ASSESSMENT 
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ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE 
ACCELERATED ACTION DESIGN FOR THE ORIGINAL LANDFILL 

LANDFILL ENGINEERING - REGULATORY REVIEW DESIGN 
SURFACE WATER MANAGEMENT SYSTEM ASSESSMENT 

MARCH 30,2005 

Prepared by: 

Earth Tech, Inc. 
5575 DTC Parkway, Suite 200 
Englewood, Colorado 80111 

(303) 694-6660 

This calculation was performed by Earth Tech, Inc. Although each sheet comprising this calculation may or 
may not be initialed, it has nonetheless been reviewed and checked. 

Prepared By: Date: 

Checked By: Date: 

Independent Verifier: Date: 

Checked By: Date: 
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A f p  U W E R N I L i W L  1TO m M R o H Y  

5575 DTC Parkway, Suite 200 
Englewood, Colorado 801 1 1  

Project: WETS - Orkina1 Landfill Accelerated Action Project No. 57378.6020 

Sheet D1 

Date: 3/30/05 

Subject: Landfill Engineering - Surface Water Management Svstem Assessment 

By: REA Date: 3/19/05 Chk By: CAB Date: 3/19/05 App By: Date: 

1.0 INTRODUCTION 

This Surface Water Management Plan was developed to address potential storm water impacts the Original 
Landfill Accelerated Action may have to the surrounding area. 

This Plan addresses two elements: 

1. Surface water control structures that will be required to adequately convey the run-on to and run-off from 
the Original Landfill due to a 100-year 24-hour storm event with freeboard capacity to handle the 
1000-year 24-hour storm event. 

2. Reduce sediment transport following construction while the landfill area is disturbed. Once vegetation is 
established, conditions will be similar to surrounding areas. 

2.0 LANDFILL DESCRIPTION, LOCATION AND DRAINAGE 

The Original Landfill site is located south of WETS Buildings 440 and 460, along the north hillside of a ravine in 
the Woman Creek drainage area, extending from approximate Elevation 6,040 feet at the top to Elevation 5,950 feet 
at its base. Waste operations began in the early 1950s and continued through 1968. The Original Landfill site 
footprint has a maximum length along the east-west direction of approximately 1,700 feet, and approximately 
500 feet in the north-south direction, with an approximate area on the order of 20 acres. 

Due to the canyon-fill nature of the Original Landfill, minimal surface water run-on is expected to occur. Run-off 
will be controlled by the construction of 7 diversion berms which route water to lined channels on the west and 
east side. The berms were spaced no greater than 150 feet to limit sediment transport from the cover to the side 
channels. The proposed surface water management plan is shown on Attachment 1 .  

3.0 REFERENCES 

The surface water management system for the Original Landfill was evaluated using guidelines provided in the 
following documents: 

1. “SEDCAD 4 for Windows 95/98 & NT”. Design Manual and User’s Guide. 2001, 

2. “Regulations Pertaining to Solid Waste Disposal Sites and Facilities” (Regulations), 6 CCR 1007-2, 
Colorado Department of Public Health and Environment. 

3. “Urban Storm Drainage Criteria Manual” (Drainage Manual), Denver Urban Drainage and Flood Control 
District. 
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4. “Erosion Control Materials Design Software Version 4.2 for Windows”. North American Green (NAG). 
2002. 

4.0 DESIGN CRITERIA 

The attached model was used to evaluate the existing drainage characteristics at the Original Landfill and to size 
appropriate drainage structures for the Original Landfill. Evaluation and design of the Original Landfill surface 
water control system will meet the following design criteria: 

1. Collect and control surface water run-on flow onto the closed landfill as a result of the 100-year 24-hour 
storm event with freeboard capacity to handle the 1000-year 24-hour storm event; 

2. Collect and control surface water run-off from the landfill as a result of the 100-year 24-hour storm event 
with freeboard capacity to handle the 1000-year 24-hour storm event; 

3. Comply with any provisions of the WETS storm water discharge permit requirements including 
reduction of sediment transport; 

4. Minimize site erosion; 
5. Protect the integrity and effectiveness of the landfill cover; and 
6. Minimize surface water management post-closure maintenance requirements. 

5.0 HYDROLOGIC AND HYDRAULIC DESIGN APPROACH 

The design process used to locate and size the surface water management structures at the Original Landfill is as 
follows: 

1. The goal of the surface water management structures is to reduce the sediment delivered to Woman 
Creek from the disturbed areas or roughly the area between the west and east channels. The areas 
outside the channels will remain in native-type condition and the sediment currently generated from these 
native areas will not change after construction. The first step is to therefore place enough diversion 
berms on the cover to create smaller subwatersheds where sediment can be contained on the cover. The 
sediment will be controlled within the diversion berms with the use of removable geosynthetic check 
dams. It was determined that 7 diversion berms are needed to reduce sediment based on the 25-year 
24-hour storm. 

2. The 100-year 24-hour storm is then modeled to calculate the required height of the diversion berm and 
the channels which route the diversion berm water below the buttress fill. 

3. The peak flows are modeled with NAG software to determine the required diversion berm and channel 
lining as well as the maximum slope and minimum bend radius of the channels. 

4. The 1000-year 24-hour event is then modeled to check the freeboard capacity of the structures. 

As shown in Attachment 1, overland flow is greater than 200 feet in the southern portion but the gradual slope at 
the top of the buttress fill reduces erosion. A check using the RUSLE shows that 220-feet of overland flow at 5% 
results in 1.50 tons/acre/year and 225-feet of overland flow at 2.75% results in 0.82 tons/acre/year (bare 
conditions - RFA prior to mature state). The top of the buttress will be lined with NAG C125 erosion mat 
following construction and the buttress sideslope will be lined with permanent NAG C350 erosion mat firther 
reducing erosion. In addition, a diversion berm will be placed on the top of the buttress slope (see Design 
Drawing 011) but is not included in this calculation (all is assumed to be overland flow). Due to the limited 
erosion it is proposed that surface water flow to below the buttress naturally. 
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SEDCAD4 software was used for surface water modeling at the Original Landfill. SEDCAD uses the National 
Resource Conservation Service (NRCS) approach for rainfall distribution and the NRCS curve numberhnit 
hydrograph to predict peak flows. The NRCS Storm Type Distributions are considered very conservative leading 
to higher peak flows than almost any actual measured storm (SEDCAD 4 User’s Manual). 

Input into the SEDCAD software include: 

0 

0 

0 

0 

0 

0 A medium hydrograph response. 

A 100-year 24-hour design storm according to the Regulations; 
A 1000-year 24-hour design storm to check freeboard capacity; 
An NRCS Type II storm; 
A rainfall depth of 5.0 inches according to the Drainage Manual for the 100-year 24-hour storm and 
6.4 inches for the 1000-year 24-hour storm and 3.25 for the 25-year 24-hour storm; 
A conservative NRCS curve number of 86; and, 

NAG software calculates flow depth, velocity, and hydraulic radius using the continuity equation (Q=VA) and 
Manning’s equation. Once these are known, the shear stress on the lining material is calculated including any 
channel bend. 

5.1 SURFACE WATER DESIGN RESULTS 

The design is organized into six models: 

0 West channel sediment reduction; 
0 

0 

0 East channel sediment reduction; 
0 

0 

West channel 100-year 24-hour design; 
West channel 1 000-year 24-hour check; 

East channel 100-year 24-hour design; and, 
East channel 1000-year 24-hour check. 

Please see Attachment 1 for the SEDCAD models and Attachment 2 for NAG results. Since the west 
subwatersheds are similar, the sediment reduction model to space the check dams is based on only one of the 
watersheds, The same methodology was used on the east side. Results are summarized in the following table. 
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Structure 

West Diversion 
Berm 1 

West Diversion 
Berm 2 

West Diversion 
Berm 3 

West Channel 

East Diversion 
Berm 1 

East Diversion 
Berm 2 

East Diversion 
Berm 3 

East Diversion 
Berm 4 

East Channel 

Typical 
Downstream 

Channel 
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Original Landfill - Structure Design 
Minimum Minimum 

Sideslopes Height or 
Radius Depth 

5.6H:lV Uphill 2% Triangular 

2% Triangular 5.6H:I V Uphill 

5.6H:lV Uphill 2% Triangular 

Permanent Temporary 
Lining Lining 

Erosion Mat 
(NAG C 125) 
Erosion Mat 
(NAG C125) 
Erosion Mat 
(NAG C125) 

Trapezoidal Erosion Mat 
(P550) I 

Slope Shape Bend 

3 feet Grass 

3 feet Grass 

3 feet Grass 

feet 3H: 1V Downhill 

feet 3H: 1V Downhill 

feet 3H: 1V Downhill 

Erosion Mat 
feet (NAG P550) Grass 2-12% Min. IO-foot 105 feet 3H:lV 

bottom 
5.6H:lV Uphill Erosion Mat 

feet 3H:lV Downhill feet Grass (NAG C125) 
Erosion Mat 

(C125) 
5.6H:lV Uphill 

feet 3H:lV Downhill 
Erosion Mat 
(NAG C 125) 

5.6H:lV Uphill 
feet 3H: 1V Downhill 

Erosion Mat 
(NAG C 125) 

5.6H:l V Uphill 
feet 3H:lV Downhill 

Trapezoidal Erosion Mat 
(PS50) I 

2% Triangular 

2% Triangular 

2% Triangular 

2% Triangular 

3 feet Grass 

3 feet Grass 

3 feet Grass 

Erosion Mat 
feet (NAG P550) Grass 

Grass 

2-12% Min. 18-foot 200 feet 3H:lV 
bottom 

Erosion Mat 
(NAG CI 25) 33% Triangular N A  3H:lV 3 

Area 

West Subwatersheds 
East Subwatersheds 

Sediment reduction load was determined by placing the minimum amount of check dams within the diversion 
berm until the downstream dams overtop. The following was calculated based on five check dams in each 
diversion berm. Values are a minimum and more can be placed per berm in accordance with manufacturer's 
recommendations. 

Sediment Load without Sediment Load with Minimum Check 
Check Dams Check Dams Dam Spacing 

9.5 tons 3 .O tons 130 feet 
9.0 tons 2.7 tons 200 feet 

5.2 1000-YEAR 24-HOUR STORM 

To determine if the freeboard capacity of the 100-year 24-hour storm is sufficient to handle the 1000-year 24-hour 
storm, the design was conducted with a rainfall depth of 6.4 inches. The output is provided in Attachment 2. A 
summary of the findings is found in the following table: 
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1 00-Year Flow 
Depth with 

Freeboard (ft) 

Table D-3 

1000-Year Flow 
Depth without 
freeboard (ft) 

Original Landfill - 1000-Year 24-Hour Comparison 

West Diversion Berm 1 
West Diversion Berm 2 

Structure 

2.49 1.60 
2.64 1.75 

West Channel 1.46 0.54 
West Diversion Berm 3 I 2.53 I 1.64 

East Diversion Berm 1 2.67 1.79 

East Diversion Berm 3 1.79 2.67 

6.0 CONCLUSIONS 

East Diversion Berm 4 

Surface water management features required at the Original Landfill to achieve the design criteria listed in Section 
4.0 include the following: 

2.67 I 1.79 

0 

0 

0 

Seven cover diversion berms with check dams to capture overland flow, reduce sediment load, and route 
it to channels. An additional berm will be placed on the top of the buttress fill. 
A permanent erosion control lined channel on the west to convey stormwater to below the buttress fill. 
A permanent erosion controlhegetation lined channel on the east to convey stormwater to below the 
buttress fill. 
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SEDCAD 4 for Windows 
Cnnvrinht 'Iaan Da-la I Cshurirh 

#I 1 0.283 130.00 18.00 0.0700 0.9850 1 

c 
#2 c 
#3 1 0.283 130.00 18.00 0.0700 0.9850 1 

1 

1.9 40,772 29.95 2.67 

1.9 40,772 29.95 2.67 

1.9 40,772 29.95 2.67 

1.9 40,772 29.95 2.67 

- 

Sub watershed Hydroloqy Detail: 
Curve 

Musk X UHS 
Number 

MuskK ~ t r u  sws SWSArea Cone 

(h-1 # # (ad 

0 
#1 1 0.460 0.018 0.000 0.000 86.000 M 

#4 c 
#5 1 0.283 130.00 18.00 0.0700 0.9850 1 

c 

r e  0.460 

2.0 22,515 15.33 1.36 

1.9 40,772 29.95 2.67 

2.2 16,363 10.40 0.92 

#2 c 0.460 

#3 1 0.460 0.018 0.000 0.000 86.000 M 

c 0.920 

F T  0.920 
#5 1 0.460 0.018 0.000 0.000 86.000 M 

c 1.380 

#6 c 1.380 

#7 1 0.460 0.018 0.000 0.000 86.000 M 

c 1.840 

#8 c 1.840 

#9 1 0.460 0.018 0.000 0.000 86.000 M 

c 2.300 

#lo 2.300 

I #11 c 2.300 

Peak Runoff 
Discharge Volume 

(CfS) [ac-ftl 

1.47- 0.072 

1.47 0.071 

1.47 0.071 

1.47 0.072 

2.94 0.144 

2.94 0.144 

1.47 0.072 

4.41 0.216 

4.41 0.210 

1.47 0.072 

5.88 0.288 

5.88 0.288 

1.47 0.072 

7.35 0.360 

7.35 . 0.360 

7.35 0.360 

~~ 

c 1 2.0 22,515 15.33 1.36 I I 

- 
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C P PS # stru SWs SoilK L ( f t )  S(%) 0 # #  

#6 c 

c 
#8 c 

c 

#7 1 0.283 130.00 18.00 0.0700 0.9850 1 

#9 1 0.283 130.00 18.00 0.0700 0.9850 1 

#10 

Peak Peak 
Sediment Sediment Settleable 24VW 

Conc. Conc 

(ms/l) (ml/l) 
(ml/l) (tons) 

2.2 16,363 10.40 0.92 

1.9 40,772 29.95 2.67 

2.7 14,806 9.15 0.81 

2.7 14,806 9.15 0.81 

1.9 40,772 29.95 2.67 

3.0 13,202 7.87 0.69 

3.0 13,202 7.87 0.69 

I 3.0 13,202 7.87 0.691 I c 

- 

Vert. Dist. Horiz. Dist. Velocity 
(ft) (fu UPS) 

stru sws Land Flow Condition Slope (Yo) 

#1 1 3. Short grass pasture 18.00 23.40 130.00 3.390 0.010 
# # 

8. Large gullies, diversions, and low 2.00 2.60 130.00 4.240 0.008 
flowing streams 

.L 

2.00 2.60 130.00 4.240 0.008 

# l  1 Time of Concentration: 0.018 

8. Large gullies, diversions, and low 
flowing streams 

#3 1 3.Shortgrasspasture 18.00 23.40 130.00 3.390 0.010 

#3 1 Time of Concentration: 0.018 

#5 1 3. Shortgrass pasture 18.00 23.40 130.00 3.390 0.010 

8. Large gullies, diversions, and low 2.00 2.60 130.00 4.240 0.008 
flowing streams 

85 1 TimeofConcentration: 0.018 

#7 1 3.Shortgrasspasture 18.00 23.40 130.00 3.390 0.010 

I 8. Large gullies, diversions, and low 2.00 2.60 130.00 4.240 0.008 
flowing streams 

~~ 

#7 1 Time of Concentration: 0.018 

#9 1 3. Short grass pasture 18.00 23.40 130.00 3.390 0.010 

8. Large gullies, diversions, and low 2.00 2.60 130.00 4.240 0.008 
flowina streams 

#9 1 Time of Concentration: 0.018 I 

Filename: West berm final.scrl Printed 03-18-2005 

0 



SEDCAD 4 for Windows 
Cnmrrinht 1QOR D~mol- I Cchunh 

1 

0 

RFETS-I00 YEAR 
W€ST CHANNEL 

Ryan Archibald 

0 
Filename: West 3 berms no sed.sc4 Printed 03-23-2005 



SEDCAD 4 for Windows 
Pmnwinht 1OOR Damda I Cdnuah 

2 

General Information 

Storm Information: 
~~ 

-Type: NRCS Type I1 I 
I Design Storm: 100 yr - 24 hrl 

Rainfall Depth: 5.000 inches 

~~~ ~ 

Filename: West 3 berms no sed.sc4 Printed 03-23-2005 
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Pnrnmnht *Oar( Dpmols I PphlUph 

3 

Type 

Structure Networking: 
stru (flows stru 1 M:i:)K Musk.X 1 Description # into) # 

Channel 

Channel 

Channel 

Channel 

Null 

# 1  -- ---> #5 0.032 0.417 

#2 ==> #5 0.032 0.417 

#3 ==> #5 0.032 0.417 

#5 ==> #6 0.000 0.000 

#6 ==> End 0.000 0.000 

Oanl 

Chanl 
# 

Structure Routing Details: 
Vert. Dist. Horiz. Dist. Velocity Time (hrs) 

(ft) (R) (fps) 
stru Land Flow Condition Slope (“lo) 

# 

8.00 80.00 1,000.00 8.48 0.032 8. Large gullies, diversions, and low 
#’ flowing streams 
#l Muskingum K: 0.032 

8. Large gullies, diversions, and low 8.00 80.00 1,000.00 8.48 0.032 
#2 flowing streams 
#2 Muskingum K 0.032 

8. Large gullies, diversions, and low 8.00 80.00 1,000.00 8.48 0.032 
#3 flowing streams 
#3 Muskingum K: 0.032 
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4 

Structure Summary: 
Immediate Total Total 

Contributing Contributing Peak Runoff 
Discharge Volume Area Area 

(ac) (ac) (ac-ft) 

#3 1.700 1.700 9.76 0.49 
#2 2.300 2.300 13.21 0.66 

~~ ~~ 

#1 1.500 1.500 8.61 0.43 
#5 1.000 6.500 37.33 1.88 
#6 0.000 6.500 37.33 1.88 

Printed 03-23-2005 Filename: West 3 berms no sed.sc4 
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5 

~ 

Freeboard Limiting Left Right Retardance Freeboard Freeboard 

Classes Depth (ft) % of Depth 
Sideslope Sideslope Slope (Yo) Mult. x Velocity 

Ratio Ratio WD) UPS) 

3.0: 1 5.6:1 2.0 D,BI 1.00 5.0 

Structure Detail: 

Stability Stability 

Class D wlo Class D w/ 
Freeboard Freeboard 

Design Discharge: 9.76 cfs 
Depth: 0.99 ft 1.99 ft 

TOP Width: 8.55 ft 17.15 ft 

Structure #3 (Veoetated Channel) 

Triangular Vegetated Channel Inputs: 

Capacity Capacity 

Class 6 w/o Class B w/ 
Freeboard Freeboard 

9.76 cfs 
1.53 ft 2.53 fl 
13.19 ft 21.79 fl 

Velocity: 2.30 fps 

X-Section Area: 4.25 sq ft 
Hydraulic Radius: 0.484 

Vegetated Channel Results: 

0.96 fps 

10.12 Sq ft 
0.747 

~~ 

Froude Number: 0.57 
Roughness Coefficient: 0.0564 

0.19 
0.1796 

Freeboard Left Right Retardance Freeboard Freeboard 
Sideslope Sideslope Slope (YO) Mult. x 

Ratio Ratio WXD) Classes Depth (ft) 9'0 of Depth 

3.0:l 5.6: 1 2.0 D, 1.00 

Structure #Z (Veoetated Channe(] 

Triangular Vegetated Channel Inputs: 

Limiting 
Velocity 

Ups) 

5.0 

Stability Stabi I ity 

Class D w/ 
Freeboard Freeboard 

Class D w/o 

Vegetated Channel Results: 
Capacity Capacity 

Class 6 w/o Class 6 wl 
Freeboard FtlXboard 

Depth: 1.09 ft 2.09 ft 
Top Width: 9.34 ft 17.94 ft 

I Desiqn Discharge: 13.21 cfs 13.21 cfs 
1.64 ft 2.64 ft 
14.10 ft 22.70 ft 
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Stability Stability 

Class D w/o Clan D w l  
Freeboard Freeboard 

Velocity: 2.60 fps 

X-Section Area: 5.07 sq ft 
Hydraulic Radius: 0.529 

Capacity Capacity 

Class B w/o Class B w/ 
Freeboard FWdIOWd 

1.14 fps 

11.57 sq ft 
0.799 

Froude Number: 0.62 

Left Right Retardance 

Ratio Ratio 
Sideslope Sideslope Slope (O/O) Classes 

3.0: 1 5.6:l 2.0 D, B 

I 0.22 I 

Freeboard Freeboard Freeboard Limiting 
Mult. x Velocity 

Depth (ft) 9'0 of Depth PxD) UPS) 

1.00 I 5.0 

Roughness Coefficient: 0.0529 I 0.1587 

Stability Stability 

Structure #Z (Veaetated Channel) 

Capacity Capacity 

Triangular Vegetated Channel Inputs: 
I 

Design Discharge: 8.61 cfs 
Depth: 0.96 ft 1.96 ft 

TOP Width: 8.24 ft 16.84 ft 

Material: Grass mixture 

8.61 ds 
1.49 ft 2.49 ft 
12.83 ft 21.43 ft 

- 

Velocity: 2.18 fps 0.90 fps 

X-Section Area: 3.95 sq ft 9.57 sq ft 
Hydraulic Radius: 0.467 0.727 

Roughness Coefficient: 0.0580 

Freeboard 
Class B w/o 

Freeboard 
'lass 

w/ I Freeboard 
Class D w/o 
Freeboard 

0.1890 

Left Right 

Width(ft) Ratio Ratio 
Bottom Sideslope Sideslope Slope (O/O) Manning's n 

Freeboard Freeboard Freeboard 
Mult. x Depth (ft) OIo of Depth (VxD) 

I F r o u d e  Number: 0.56 I 0.18 I 

Structure #5 (Nonerodtble Channel) 

Trapezoidal Nonerodible Channel Inputs: 

Material: Plastic 

t 
~. 

10.00 3.0:l 3.0:l 12.0 0.0390 I 1.00 

Nonerodible Channel Results: 

6 
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7 

w/o Freeboard w/ Freeboard 

Design Discharge: 37.33 cfs 
Depth: 0.46 ft 1.46 ft 

Structure #6 fn/uf) 

Velocity: 7.21 fps 

Froude Number: 

a 
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1.700 c 
#2 1 2.300 0.051 0.000 0.000 86.000 M 

8 

9.76 0.491 

13.21 0.665 

Sub watershed Hydrology Detail: 

1 1.500 0.048 0.000 0.000 86.000 M 
I #1 

Runoff Curve 
MI tck Y I IHS 

stru sws S W S h a  Cone MuskK 

8.61 0.433 

#5 1 1.000 0.008 0.000 0.000 86.000 M 

6.500 c 

c 2.300 

5.74 0.289 

37.33 1.878 

1 13.21 0.665 

6.500 86  c 37.33 1.878 

I c 1.500 8.61 0.433 

Subwatershed Tihe of Concentration Details: 
Vert. Dist. Horiz. Dist. Velocity Time 

(R) (ft) UPS) 
stru sws Land Flow Condition Slope ("lo) 
# # 

2.00 14.79 739.50 4.240 0.048 8. Large gullies, diversions, and low 
#' flowing streams 
#l 1 Time of Concentration: 0.048 

#2 1 3. Short w a s  pasture 18.00 23.40 130.00 3.390 0.010 

gullies, diversions, and low 
flowing streams 2.00 12.79 639.50 4.240 . 0.041 I 

#2 1 Time of Concentration: 0.051 
#3 1 3. Short grass pasture 18.00 18.00 99.99 3.390 0.008 

8. Large gullies, diversions, and low 
flowina streams 2.00 8.80 440.00 4.240 0.028 I - 

#3 1 Time of Concentration: 0.036 

#s 1 3. Shortgrasspasture 18.00 18.00 99.99 3.390 0.008 
#5 1 Time of Concentration: 0.008 
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Left Right Retardance 

Ratio 
Sideslope Sideslope Slope (%) Classes 

Ratio 

3.0: 1 5.6:l 2.0 D, 

1 

Freeboard Limiting 
Mult. x Velocity 

Freeboard Freeboard 

Depth (ft) O/o of Depth (VxD) (fPS) 

1.00 5.0 

Structure Detail: 
Structure #3 (Veoetated Channel,? 

Triangular Vegetated Channel Inputs: 

Stability Stability 

Class D w/o Class D w/ 
Freeboard Freeboard 

Design Discharge: 13.23 cfs 
Depth: 1.09 ft 2.09 It 

Capacity Capacity 

Class B w/o Class B w/ 
Freeboard Freeboard 

13.23 cfs 
1.64 ft 2.64 ft 

Vegetated Channel Results: 

Tup Width: 9.35 ft 17.95 ft 1 14.10 ft 22.70 ft I 
Velocity: 2.60 fps 1.14 fps 

X-Section Area: 5.08 sa ft 11.57 sq ft 
_ _ ~  ~ 

Hydraulic Radius: 0.529 I 0.799 I 
Froude Number: 0.62 0.22 

Roughness Coefficient: 0.0529 0.1585 

Structure #2 f Veoetated Channel] 

Triangular Vegetated Channel Inputs: 

Material: Grass mixture 

~ ~ t a r d ~ ~ ~ ~  Freeboard Freeboard Left Right 
Velocity 

Depth (ft) O/o Of Depth (VxDl 
Sideslope Sideslope Slope ("10) Classes I Ratio Ratio 

I , . .  
3.0:l 5.6:l 2.0 D,BI 1.00 5.0 

Vegetated Channel Results: 
~ 

Stability Stability Capacity Capacity 

Class D w/o Class D w/ Class B w/o Class B w/ 
Freeboard Freeboard FEdXlWd Freeboard 

Design Discharge: 17.91 cfs 17.91 cfs 

Depth: 1.19 ft 2.19 ft 1.75 ft 2.75 ft 
Top Width: 10.22 ft 18.82 ft 15.08 ft 23.68 ft 

~ 
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Stability Stability 

Class D w/o Class D w/ 
Freeboard Freeboard 

2 

Capacity Capacity 

Class B w/o Class B w/ 
Freeboard Freeboard 

X-Sedion Area: 6.07 sq ft 
Hydraulic Radius: 0.579 
Froude Number: 0.67 

Rouqhness CoeMcient: 0.0495 

I Velocity: 2.95 fps I 1.35 fps I 
13.23 sq ft 

0.854 
0.25 

0.1401 

Right  tad^^^^ 

Ratio 
Sideslope Sideslope Slope ("10) Classes I Ratio 

Structure #.I (Veoetated Channel] 

Freeboard Freeboard 
Mult. x Depth (ft) YO of Depth OlxD) 

Triangular Vegetated Channel Inputs: 

Material: Grass mixture 

Stability Stability 

Class D w/o Class D w/ 
Freeboard Freeboard 

Design Discharge: 11.68 cfs 

Capacity Capacity 

Class 6 w/o Class 6 w/ 
Freeboard Freeboard 

11.68 cfs 

I 
. .  

3.0:l 5.6:l 2.0 D, B I  1.00 I 5.0 

Depth: 1.05 ft 2.05 ft 
Top Width: 9.01 ft 17.61 ft 

Velocity: 2.47 fps 

~ 

Vegetated Channel Results: 

1.60 ft 2.60 ft 
13.73 ft 22.33 ft 
1.07 fps 

Hydraulic Radius: 0.510 
Froude Number: 0.60 

Rouqhness Coefficient: 0.0543 

0.777 
0.21 

0.1669 

I X - M i o n  Area: 4.72 sq ft I 10.95 sq ft I 

Left Right 

Width@) Ratio Ratio 
Bottom Sideslope Sideslope Slope (YO) Manning's n 

Freeboard Freeboard Freeboard 
Mult. x Depth (ft) Yo of Depth NxD) 

Structure #5 OVonerodble Channel) 

10.00 3.0:l 3.0: 1 12.0 0.0390 

Trapezoidal None rod i ble C ha n ne1 In  puts : 

Material: Plastic 

1.00 

Nonerodible Channel Results: 0 
~~ 
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w/o Freeboard w/ Freeboard 

Design Discharge: 50.60 cfs 

Depth: 0.54 ft 1.54 ft 

Top Width: 13.26 ft 19.26 ft 

Velocity: 8.01 fps 

X-Section Area: 6.32 sq ft 
Hydraulic Radius: 0.470 

L Froude Number: 2.04 

Structure #6 (Nuf.!l 

I 
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curve 
Musk X UHS 

Number 

Stru sws SWSArea mnc Musk K 

(ad  (hs) 
# # 

# 1  1 0.500 0.021 0.000 0.000 86.000 M 

c 0.500 

1 

Peak Runoff 
Discharge Volume 

(ds) (ac-R) 

1.60 0.078 

1.60 0.078 

0 

0 

c 1.000 

#4 c 1.000 

#5 1 0.500 0.021 0.000 0.000 86.000 M 

I 

Sub watershed Hydrology Detail: 

3.20 0.157 

3.20 0.157 

1.60 0.078 

c 1.500 

86 c 1.500 

#7 1 0.500 0.021 0.000 0.000 86.000 M 

#2 c 0.500 I 1.60 0.078 I 

4.80 0.235 

4.80 0.235 

1.60 0.078 

~ 

#3 1 0.500 0.021 0.000 0.000 86.000 M I  1.60 0.078 I 

c 2.000 

#8 c 2.000 

#9 1 0.500 0.021 0.000 0.000 86.000 M 

6.39 0.313 

6.39 0.313 

1.60 0.078 

c 2.500 

#10 2.500 

7.99 0.391 

7.99 0.391 
~~ 

#11 2.500 7.99 0.391 

I ~~ c 

SubwatershedSedimentology Detail: 1 Sufi d E bdW - 
Peak 

I I 1.8 35,249 25.89 2.30 1 

1/ U 
stru # sws # %!K L(R) S(%) C P Ps# 

# 1  1 0.283 100.00 18.00 0.0700 0.9850 1 

t Settleable 24VW 

(ml/l) 
Conc 

(ml/l) 
1.8 35,249 25.89 2.30 

- 

I c 

#2 c 
#3 1 0.283 100.00 18.00 0.0700 0.9850 1 

13.24 1.17 I I 1.9 19,446 

1.8 35,249 25.89 2.30 

1.8 35,249 25.89 2.30 

I 
~~ 

I I I #4 Y, I 1.9 19,446 13.24 1.17 I - I 
1 0.283 100.00 18.00 0.0700 0.9850 1 I 1.8 35,249 25.89 2.30 
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2 

C P PS # stnr SWs SoilK L(ft) S(O/o) 
Sediment Sediment Settleable 2 4 W  

Conc. Conc 
(ml/l) (tons) 

(mg/l) (ml/l) 

I c 

#7 1 0.283 100.00 18.00 0.0700 0.9850 1 

c 
#8 c 

I 2.1 14,127 8.98 0.79 

1.8 35,249 25.89 2.30 

2.6 13,250 8.27 0.73 

2.6 13,250 8.27 0.73 

I 

c 
#lo c 
#ll c 

I 2.1 14,127 8.98 0.79 

2.7 10,846 6.35 0.56 

2.7 10,846 6.35 0.56 

2.7 10,846 6.35 0.56 

0 

#9 1 0.283 100.00 18.00 0.0700 0.9850 1 I 1.8 35,249 25.89 2.30 

- .  

2.00 4.00 200.00 4.240 0.013 8. Large gullies, diversions, and low 
flowing streams 

~ 

#l 1 Time of Concentration: 0.021 
#3 1 3. Short grass pasture 18.00 18.00 99.99 3.390 0.008 

Subwatersbed nine of Concentration Details: 

_____ 

2.00 4.00 200.00 4.240 0.013 8. Large gullies, diversions, and low 
flowing streams 

I sws Land FlowCondition # # 

~ 

#7 1 Time of Concentration: 0.021 
#9 1 3. Short grass pasture 18.00 18.00 100.00 3.390 0.008 

Vert. Dist. Horiz. Dist. Velocity Tme (hrs) 
(ft) (ft) (fw) Slope ("lo) 
. .  . .  . .  - 

#1 1 3. Shortqrass pasture 18.00 18.00 99.99 3.390 0.008 

#3 1 Time of Concentration: 0.021 
#5 1 3. Short grass pasture 18.00 18.00 100.00 3.390 0.008 

2.00 4.00 200.00 4.240 0.013 

#5 1 Time of Concentration: 0.021 
#7 1 3. Short grass pasture 18.00 18.00 100.00 3.390 0.008 

8. Large gullies, diversions, and low 
flowing streams 

2.00 4.00 200.00 4.240 0.013 8. Large gullies, diversions, and low 
flowing streams 

#9 1 Time of Concentration: 0.021 1 
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General Information 

Storm Information: 
Storm Type: NRCS Type I1 

Rainfall Depth: 

Filename: East 4 berms no sed.sc4 Printed 03-23-2005 
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SbU (flows SbU Musk. K Musk. x 
TYP # into) # (hrs) 
Channel #1 ==> #5 0.032 0.417 

Channel #2 ==> #5 0.032 0.417 

Channel #3 ==> #5 0.032 0.417 

Channel #4 ==> #5 0.032 0.417 

Channel #5 ==> #6 0.000 0.000 
~ 

kr iption 

Null 1 # 6  ==> End I 0.000 0.000 I 

I 
Wan7 

# 

Wan 7 
# 

Chan 7 
# 

#5 
Chan 7 @ 

Null I 

Structure Routing Details: 
Vert. Dist. Horiz. Dig. Velocity mme 

(R) (R) (fps) 
stru Land Flow Condition Slope (010) 
# 

8. Large gullies, diversions, and low 8.00 80.00 1,000.00 8.48 0.032 
#' flowing streams 
#l Muskingum K 0.032 

8.00 80.00 1,000.00 8.48 0.032 8. Large gullies, diversions, and low 

#Z Muskingum K 0.032 

8.00 80.00 1,000.00 8.48 0.032 8. Large gullies, diversions, and low 
#3 flowing streams 
#3 Muskingum K 0.032 

8. Large gullies, diversions, and low 8.00 80.00 1,000.00 8.48 0.032 
#4 flowing streams 
#4 Muskingum K 0.032 

~ 
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Structure Summary: 
Immediate Total Total 

Contributing Contributing Peak Runoff 
Area Dixharge Volume Area 

(ac) (ac) (ac-ft) 

#4 2.500 2.500 14.36 0.72 
#3 2.500 2.500 14.36 0.72 

2.500 2.500 14.36 
2.500 2.500 14.36 
1.000 11.000 63.18 3.18 

#6 0.000 11.000 63.18 
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Left Right Retardance Sideslope Sideslope Slope (YO) Classes I Ratio Ratio 

5 

Freeboard Freeboard 
Velocity 

Depth ( f t j  O/O of Depth (VxD) 

Structure Detail: 
Structure #4 (Veoetated Channel] 

Triangular Vegetated Channel Inputs: 

Material: Grass mixture 

~ 

Stability Stability 

Class D w/o Class D w/ 
Freeboard Freeboard 

Design Discharge: 14.36 Cfs 
Depth: 1.11 ft 2.11 ft 

Capacity Capacity 

Class B w/ Class B w/o 
Freeboard Freeboard 

14.36 cfs 
1.67 ft 2.67 f t  

3.0:l 5.6:l 2.0 D, I 1.00 5.0 
! 

Top Width: 9.57 ft 18.17 f t  
Velocity: 2.70 fps 

X-Section Area: 5.33 sa ft 

Vegetated Channel Results: 

14.36 f t  22.96 f t  
1.20 fps 

11.99 sq ft 

Froude Number: 0.64 

Roughness Coefficient: 0.0519 
0.23 

0.1533 

Hydraulic Radius: 0.542 I 0.813 I 

Left Right Retardance 
Sideslope Sideslope Slope (Yo) Classes I Ratio Ratio 

Freeboard Freeboard 

Depth (ft) Yo of Depth OlxD) 
Velocity 

Structure #3 f Veaetated Channel) 

Triangular Vegetated Channel Inputs: 

Material: Grass mixture 

3.0:l 5.6:l 2.0 D, B I 1.00 5.0 

Stability Stability 

Class D w/o Class D w/ 
FEf3bOard Freeboard 

Design Discharge: 14.36 cfs 
Depth: 1.11 ft 2.11 ft 

Top Width: 9.57 ft 18.17 ft 

Capacity Capacity 

Class B w/o Class B w/ 
Fl-eeboard Freeboard 

14.36 cfs 
1.67 ft 2.67 ft 
14.36 f t  22.96 ft 
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6 

Capacity Capacity 

Class B w/o Class B w/ 
Freeboard Freeboard 

Hydraulic Radius: 0.542 
Froude Number: 0.64 

Roushness Coefficient: 0.0519 

I 1.20 fps .. I 

0.813 
0.23 

0.1533 

I .  X-Section Area: 5.33 sq ft I 11.99 sq ft I 

Left Right Retardance Sideslope Sideslope Slope (YO) Classes I Ratio Ratio 

Freeboard Limiting 
Mult. x Velocity 

Freeboard Freeboard 

(fP9 Depth (ft) O/O of Depth (VxD) 

Structure #2 (Veqetated Channel) 

Stability Stability 

Class D w/o Class D w/ 
Freeboard Freeboard 

Design Discharge: 14.36 cfs 

Triangular Vegetated Channel Inputs: 

Material: Grass mixture 

Capacity Capacity 

Class 6 W/Q Class 6 w/ 
Freeboard Freeboard 

14.36 cfs 

Top Width: 9.57 ft 18.17 ft 
Velocltv: 2.70 fps 

. .  I 

3.0:l 5.6:l 2.0 D,BI 1.00 I 5.0 

14.36 ft 22.96 ft 
1.20 fps 

Vegetated Channel Results: 

Hydraulic Radius: 0.542 
Froude Number: 0.64 

Roughness Coefficient: 0.0519 

0.813 
0.23 

0.1533 

I Depth: 1.11 ft 2.11 ft I 1.67 ft 2.67 fl 

Left Right Retardance 
Sideslope Sideslope Slope (O/O) Classes I Ratio Ratio 

Freeboard Freeboard 
Mult. x Depth (ft) YO of Depth IVxD) 

X-Section Area: 5.33 sq ft 

3.0:l 5.6:l 2.0 D,Bl 1.00 

I 11.99 sq ft I 

5.0 

Structure # 1 (Veqetated Channel) 

Triangular Vegetated Channel Inputs: 

Material: Grass mixture 

Vegetated Channel Results: 
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Stability Stability 

Class D w/o Class D wl 
Freeboard Freeboard 

Design Discharge: 14.36 cfs 
Depth: 1.11 ft 2.11 ft 

Top Width: 9.57 ft 18.17 ft 
Velocity: 2.70 fps 

X-Section Area: 5.33 sq ft 

7 

Capacity Capacity 

Class B wlo Class B w/ 
Freeboard Freeboard 

14.36 ck 
1.67 ft 2.67 ft 
14.36 ft 22.96 ft 
1.20 fps 

11.99 sq ft 
Hydraulic Radius: 0.542 
Froude Number: 0.64 

Roughness Coefficient: 0.0519 

0.813 
0.23 

0.1533 

Left Right 

Width ('1 Ratio Ratio 
Bottom Sideslope Sideslope Slope (YO) Manning's n 

18.00 3.0:l 3.0:l 12.0 0.0390 

Nonerodible Channel Results: 

Freeboard 

Mutt. x 
Freeboard Freeboard 

Depth (ft) O/O of Depth 
(VxD) 

1.00 

w/o Freeboard w/ Freeboard 

Desisn Dixhame: 63.18 cfs 
~~ ~ Depth: 0.44 ft 1.44 ft 1 

Top Width: 20.67 ft 26.67 ft 
Velocity: 7.34 fps 

X-Section Area: 8.60 sq ft 

I Hydraulic Radius: 0.413 I 
Froude Number: 2.01 

Structure #6 (Null) 
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2.500 c 
#3 1 2.500 0.073 0.000 0.000 86.000 M 

c 2.500 

8 

14.36 0.722 

14.36 0.722 

14.36 0.722 

Sub watershed Hydrology Detail: 

#2 1 2.500 0.073 0.000 0.000 86.000 M 

2.500 c 
#1 1 2.500 0.073 0.000 0.000 86.000 M 

.___ Time of L... -1- " 

14.36 0.722 

14.36 0.722 

14.36 0.722 

#5 1 1.000 0.008 0.000 0.000 86.000 M 

11.000 c 
5.74 0.289 

63.18 3.178 

c 
~ 

2.500 I 14.36 0.722 I 

11.000 1 63.18 3.178 #6 c 

Subwatersbed Time of Concentration Details: 
Vert. Dist. Horiz. Did. Velocity Time (hrs) 

(fl) (ft) UPS) 
'tr" sws Land Flow Condition Slope ("lo) 
# # 

#1 1 3. Short grass pasture 18.00 18.00 99.99 3.390 0.008 
~ 

2.00 20.00 1,000.00 4.240 0.065 8. Large gullies, diV€!KlOnS, and low 
flowing streams 

# l  1 Time of Concentration: 0.073 

#2 1 3. Shortgrass pasture 18.00 18.00 100.00 3.390 0.008 

2.00 20.00 1,000.00 4.240 0.065 8. Large gullies, diversions, and low 
flowing streams 

# z  1 Time of Concentration: 0.073 

#3 1 3. Short grass pasture 18.00 18.00 100.00 3.390 0.008 

2.00 20.00 1,000.00 4.240 0.065 8. Large gullies, diversions, and low 
flowing streams 

#3 1 Time of Concentration: 0.073 

#4 1 3. Shortgrass pasture 18.00 18.00 100.00 3.390 0.008 

2.00 20.00 1,000.00 4.240 0.065 

$4 1 Time of Concentration: 0.073 

#5 1 3. Short grass pasture 18.00 18.00 99.99 3.390 0.008 

8. Large gullies, diversions, and low 
flowing streams 

#5 1 Time of Concentration: 0.008 
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Freeboard Left Right Retardance ' Freeboard Freeboard 
Sideslope Sideslope Slope (%) Classes Mult. x 

Depth (ft) O/O of Depth NxD) I Ratio Ratio 

0 

Limiting 
Velocity 

UPS) 

SEDCAD 4 for Windows 
Pnrwiinht loan Damnla I Cphwah 

1 

3.0: 1 5.6:l 2.0 D,BI 1.00 

Structure Detail: 
Structure #4 (Veqetated Channel) 

Triangular Vegetated Channel Inputs: 

5.0 

Material: Grass mixture 

Stability Stability 

Class D w/o Class D w/ 
Freeboard Freeboard 

Capacity Capacity 

Class 6 w/o Class B w/ 
Freeboard Freeboard 

Design Discharge: 19.46 cfs 
Depth: 1.22 ft 2.22 ft 

Top Width: 10.47 ft 19.07 ft 
Velocity: 3.06 fps 

19.46 cfs 
1.79 ft 2.79 ft 
15.37 ft 23.97 ft 
1.42 fps 

~ 

X-Section Area: 6.37 sq ft 13.73 sq f t  
Hydraulic Radius: 0.593 0.870 
Froude Number: 0.69 0.26 

Structure #3 f Veaetated Channel) 

Triangular Vegetated Channel Inputs: 

Roughness Coefflclent: 0.0486 

Material: Grass mixture 

0.1354 

Left Right Retardance 
Sideslope Sideslope Slope (O/O) Classes 

Ratio I Ratio 

Freeboard Freeboard 
Mult. x Velocity Depth (ft) %of  Depth NxD) 

Vegetated Channel Results: 
Stability Stability 

Class D w/o Class D w/ 
Freeboard Freeboard 

Design Discharge: 19.46 cfs 
Depth: 1.22 f t  2.22 ft 

Capacity Capacity 

Class B w/o Class B w/ 
Freeboard Freeboard 

19.46 cfs 
1.79 ft 2.79 ft 

~~ 

Top Width: 10.47 ft 19.07 ft I 15.37 f i  23.97 ft 
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Stability Stability 

Class D w/o Class D w/ 
Freeboard Freeboard 

Velocity: 3.06 fps 

X - W o n  Area: 6.37 sq ft 
Hydraulic Radius: 0.593 
Froude Number: 0.69 

0 

2 

Capacity Capacity 

Class 6 w/o Class 6 w/ 
Freeboard Freeboard 

1.42 fps 

13.73 sq ft 
0.870 
0.26 

Roughness Coefficient: 0.0486 0.1354 

Structure #2 fveqetated Channel] 

Left Right Retardance 

Ratio 
Sideslope Sideslope Slope (Ole) Classes 

Ratio 

Triangular Vegetated Channel Inputs: 

Material: Grass mixture 
I 

Freeboard Freeboard 

Depth (ft) O/O of Depth Mult. x Velocity 

3.0: 1 5.6:l 2.0 D,BI 1.00 5.0 

Structure #I (Veoetated Channel] 

Triangular Vegetated Channel Inputs: 

Stability Stability 

Class D w/o Class D w/ 
Freeboard Freeboard 

Design Discharge: 19.46 ds 
Depth: 1.22 ft 2.22 ft 

Top Wldth: 10.47 ft 19.07 ft 
Velocity: 3.06 fps 

X-Section Area: 6.37 sq ft 
Hydraulic Radius: 0.593 
Froude Number: 0.69 

Roughness Coefficient: 0.0486 

Material: Grass mixture 

Capacity Capacity 

Class 6 w/o Class 6 w/ 
Freeboard Freeboard 

19.46 ds 
1.79 ft 2.79 ft 
15.37 ft 23.97 ft 
1.42 fps 

13.73 sq ft 
0.870 
0.26 

0.1354 

Left Right Retardance 
Sideslope Sideslope Slope (Oh) Classes I Ratio Ratio 

I . .  

3.0: 1 5.6:l 2.0 D, 61 1.00 I 5.0 

Freeboard Freeboard 
Velocity 

(ft) %Of  
(VxD) 

Vegetated Channel Results: 
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Stability Stability 

Class D w/o Class D wl 
Freeboard Freeboard 

Capacity Capadty 
Class B w/o Class B w l  
Freeboard Freeboard 

r Depth: 1.22 ft 2.22 ft I 1.79 ft 2.79 ft I 

X - W o n  Area: 6.37 sq ft 
Hydraullc Radius: 0.593 

I Top Width: 10.47 ft 19.07 ft I 15.37 ft 23.97 ft I 

13.73 sq ft 
0.870 

I Velocitv: 3.06 fDS I 1.42 fm I 

Left Right 

Width (ft) Ratio Ratio 
Bottom Sideslope Sideslope Slope (%) Manning's n 

Free board Freeboard Freeboard 
Mult. x Depth (ft) O/O of Depth NxD) 

I ~ FroudeNumber: 0.69 I 0.26 I 
Roughness Coefficient: 0.0486 I 0.1354 I 

Structure #5 /Nonerodib/e Channel) 

Trapezoidal Nonerodible Channel Inputs: 

Material: Plastic 

18.00 3.0:l 3.0:l 12.0 0.0390 I 1.00 

Nonerodible Channel Results: 

Structure #6 /Null) 

I- ~ wlo Freeboard- w/ Freeboard 1 
Design Discharge: 85.64 cfs 

Depth: 0.53 ft 1.53 ft 
Top Width: 21.19 ft 27.19 ft 

I Velocity: 1 8.21 fps I 
X-Section Area: 10.43 sq ft 

Hydraulic Radius: 0.488 

I Froude Number: 2.06 I 
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BEND RESULTS 
I Bend Radius I Len& !Super Elevation1 

Discharge Peak Flow Velocity [fps] Area (sq.ft) Hydraulic 
[cfs] Period [hrs] Radius[ftl 
37.0 1.5 6.94 5.33 0.41 

Normal 
Depth [ft] 

0.47 

_ _  ~ 

( f t l  I Proteccon [ft] I -Depth [ft] 
105.0 I 5.2 I a7 

I I I I 
LINER RESULTS Not to Scale 



0 

Discharge Peak Flow Velocity (fps] 
[cfs] Period (hrs] 
63.0 1.5 7.1 0 

North American Green - ECMDS Version 4.2 

FR 0 M S TAT ION /R EACH: 

13/n/200104:54lCOMPUTED B Y  
PROJECT NAME: RFETS-OF !PROJECT NO.: 

1DE SI GN FR EQU EN Cy: IT 0 STAT ION /R EACH: IDRAINAGE AREA: 

Area (sgft) Hydraulic Normal 
Radus[ft] Depth [ft] 

8.88 0.42 0.46 

Bend Radius Length 
[ftl Protection [rtl 

200.0 5.4 

Super Elevation 
Depth [ft] 

0.6 

LINER RESULTS 

Bottom h. Width = 18.00 ft 

Not to Scale 

0 



Discharge Peak Flow Velocity [Ips] Area (sq.ft] Hydraulic 
[cfs] Period [hrsl Radius[ft] 
14.4 20 5.41 2 66 0.38 

Normal 
Depth [ft] 

0.79 

I I I 

LINER RESULTS 

Bend Radius Length 
[ftl Protection Iftl 
5.0 9.6 

2 4  8 

Super Elevation 
Depth [ft] 

2.0 



North American Green - ECMDS Version 4.2 lam/zoofos:orPMI~~~~~~~~ ay: 
PROJECT NAME: RETS-OLF IPROJECT NO.: 
FROM STAT IONIREACH: /TO S TATIONIR EACH: IDRAINAGE AREA ID E SIGN FREQUEN N: 

Discharge Peak Flow Velocity [fps] Area [sqft) Hydraulic 
[cfs] Period [hrs] Radius[ft] 
14.4 20 8.68 1.66 0.1 1 

Normal 
Depth [ft] 

0.1 1 
I I I I I I I 

~ Matting Type Vegetation Characteristics 
Reach Stability Analysis 

Staple Pattern phase class T~~~ Density 

Straight c125 Unvegetated 
Staple D 

I 

Permissible Calculated Safety Factor Remarks 
Shear Stress Shear Stress 

[PSO [PSfI 
2.25 2.23 1.01 STABLE 

LINER RESULTS 

C125 (n=0.022) 

I p-g s = 0.3300 

I 

3.0 
I 

3.0 WidBtEt%5.00 ft 

Not to Scale 
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1.0 INTRODUCTION 

This buttress sub-drain system was developed to address potential groundwater drainage issues at the Original 
Landfill Accelerated Action (OLF), specifically at the buttress fill location at the southern toe of the OLF. This 
Plan addresses groundwater flow below the buttress fill directing it to the subsurface infiltration gallery with 
stream alluvium of Woman Creek. 

2.0 LANDFILL DESCRIPTION, LOCATION AND DRAINAGE 

The OLF site is located south of WETS Buildings 440 and 460, along the north hillside of a ravine in the Woman 
Creek drainage area, extending from approximate Elevation 6,040 feet at the top to Elevation 5,950 feet at its base. 
Waste operations began in the early 1950s and continued through 1968. The OLF site footprint has a maximum 
length along the east-west direction of approximately 1,700 feet, and approximately 500 feet in the north-south 
direction, with an approximate area on the order of 20 acres. 

3.0 REFERENCES 

The buttress sub-drain system for the OLF was evaluated using guidelines provided in the following documents: 

1. “Groundwater Hydrology”, Todd 1980 
2. “Groundwater and Wells”, Driscoll 1986. 
3. Integrated Flow and VOC fate and transport modeling for the OLF, Integrated Hydro System December 

2004. 

4.0 DESIGN CRITERIA 

The attached calculations were used to evaluate the transmissivity of a poorly sorted material to discharge 
groundwater below the buttress fill. 

Evaluation and design of the OLF buttress drain system will meet the following design criteria: 

1. To pass a maximum discharge of 2 gallons per minute (GPM). This volume is a conservative volume 
based on the 1 GPM discharge rate presented in the Integrated Flow and VOC Fate and Transport 
modeling, Integrated Hydro Systems 2004. 
2. Minimize sedimentation of the buttress drainage system from native materials and 

buttress fill materials. 

5.0 HYDROGEOLOGIC DESIGN APPROACH 

Darcy’s Law was used to estimate groundwater discharge rates below the buttress. Typical hydraulic 
conductivities were evaluated but a worst-case scenario of medium sand was used to provide an extra margin of 
flow capacities. The designed sub-drain material will be a poorly sorted material with a Dmax of 4 inches and a 
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D10 of 0.0165 inch, which correlates to a medium sand. This material will be constructed using sub-angular rock 
that provides adequate porosity and a suitable contact surface with the buttress fill material and the weathered 
claystone. This fill zone will be placed on top of geogrid (Tensar BX1200 or equivalent) to provide a stable 
platform on top of the weathered claystone. The following assumptions were made for calculations of discharge 
below the buttress. 

0 

0 

0 

0 

Buttress drain length is from top of buttress to downstream discharge point below buttress 
Using a poorly sorted angular fill material from 4 inches to a fine sand (0.0165 in) 
Using K for a worst case scenario from a compacted medium sand, K = 29 GPD/ft"2 
Minimum thickness of permeable layer = 12 inches 

6.0 CONCLUSIONS 

The sub-drain design used sub-angular rock that is poorly sorted from a diameter of 4 inches to a diameter of 
0.0165 inches. This design successhlly passed a 2 gallons per minute maximum discharge scenario. The 
calculations show that the design has the capability of passing 2.4 gallons per minute through a 1-foot compacted 
zone across the buttress. This provides a significant factor of safety compared to the model predicted flow rate of 
1 GPM and the design basis flow rate of 2 GPM to account for any sedimentation blockage over time. 
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Designed by: CAB 
Given 
Using Darcy's Law 
Where Q = Discharge (GPD/ftA2) 

Q = -KA {d(h)/d(l)} 

K = hydraulic conductivity (GPDIft"2) 
A = Area Ft"2) 
{d(h)/d(l)} = hydraulic gradient (Wft) 

From Summary of hydrologic and physical properties of rock and soil materials, 
as analyzed by the Hydrologic Laboratory of the U.S.G.S. 1948-60 USGS 

Water-Supply Paper 1839-D 1967 

m/day gpd/ftY Diam. (in) Sieve # 
Gravel 450 11043 0.5250 1 I2 
Med. Sand 12 294.48 0.0164 40 

Minimum Design Criteria: Q = 2 GaVmin 

Assumptions: 
Buttress drain length is from top of buttress to downstream discharge point below buttress 
Using a poorly sorted sub-angular fill material from 4 inches to a medium sand (0.0164 in) 
Using a worst case scenario for fine sand, K = 294.5 GPD/ftA2 
Minimum thickness of permeable layer = 12 inches 

X-Sec A-A' X-Sec B-B' X-Sec C-C' X-Sec D-D' Average 
Elevation at top of buttress 5,974 5,970 5,962 5,953 5,965 MSL 
Elevation at Bottom of Buttress 5,950 5,948 5,940 5,934 5,943 MSL 
Length of buttress drain (ft) 145 185 175 165 168 ft. 

900 ft. 

900 ft"2 

Width of Cross Section (ft) 
Change in Elevation (ft) 24 22 22 19 22 ft. 
Area of representative buttress drain (ft"2) 900ft* 1 foot high 

Solving for Q Q = -KA (d(h)/d(l)) 
Natural Compacted 

Compaction Fill 
K (GPD/ftA2)= 294.5 29.5 

d(h) (ft) 21.8 21.8 
d(l) (ft) 167.5 167.5 
Q ( gal. / day) 34,416.9 3,441.7 

A (Ft"2) 900.0 900.0 

Q= Gal I minute 23.9 2.4 

This material may become compacted during the construction of the buttress. With sufficient compaction, 
this material may have its K value reduced by one order of magnitude. This should be confirmed with 
lab test of the actual material prior to construction and adjustments made according to lab data. 
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Product Specification - Structural Geogrid BX1200 

0 

~ ~~ ~ 

Tensar Earth Technologies, Inc. reserves the right to change its product specifications at any time. It is the responsibility of the specifier and purchaser 
to ensure that product specifications used for design and procurement purposes are current and consistent with the products used in each instance. r Please contact Tensar Earth Technologies. lnc. at 800-836-7271 for assistance 

The structural geogrid shall be an integrally formed grid structure manufactured of a stress resistant polypropylene material with molecular 
weight and molecular characteristics which impart: (a) high resistance to loss of load capacity or structural integrity when the geogrid is' 
subjected to mechanical stress in installation; (b) high resistance to deformation when the geogrid is subjected to applied force in use; and 
(c) high resistance to loss of. load capacity or structural integrity when the geogrid is subjected to long-term environmental stress. 

The structural geogrid shall accept applied force in use by positive mechanical interlock (Le. by direct.mechanica1 keying) with: (a) 
compacted soi l  or construction fill materials; (b) contiguous sections of itself when overlapped and embedded in compacted'soil or 
construction fill materials; and (c) rigid mechanical connectors such as bodkins, pins or hooks. The structural geogrid shall possess 
sufficient cross sectional profile to present a substantial abutment interface to compacted soil or particulate construction fill materials and 
to resist movement relative to such materials when subject to applied force. The structural geogrid shall possess sufficient true initial 
modulus to cause applied force to be transferred to the geogrid at low strain levels without material deformation of the reinforced structure. 
The structural geogrid shall possess complete continuity of all properties throughout its structure and shall be suitable for reinforcement of 
compacted soil or particulate construction fill materials to improve their long term stability in structural load bearing applications such as 
earth retention systems. The structural geogrid shall otherwise have the following characteristics: 

Product Type: Integrally Formed Structural Geogrid . ' 

Load Transfer Mechanism: 

Product Propert ies 
Index Propert ies Units MD Values' XMD Values' 

= Aperture Dimensions' mm (in) 25 (1 .O) 33 (1.3) 
m Minimum Rib Thickness' mm (in) 1.27 (0.05) 1.27 (0.05) 

True Initial Modulus in Use3 kN/m(lblft) 400 (27,420) 650 (44,550) 
True Tensile Strength @2% Strain3 kN/m( Ib/ft) 6.0 (410) 
True Tensile Strength @5% Strain3 kN/m(lb/ft) 11.8 (810) 19.6 (1,340) 

Positive Mechanical Interlock 

Load Capacity 

9.0 (620) 

.:_. 
Structural Integri ty 

9 Junction Efficiency4 I .Yo 93 
Flexural Stiffness5 mg-cm 750,000 
Aperture Stability6 kg-cmldeg 6.5 

Durability 
9 Resistance to Installation Damage' 
9 Resistance to Long Term Degradation' Yo 100 

%SC I %SW I%GP 95 I93 I90 

Dimensions and Delivery 
The structural geogrid shall be delivered to the jobsite in roll form with each roll individually identified and nominally measuring 3.0 meters (9.8 feet) or 
4.0 meters (13.1 feet) in width and 50.0 meters (164 feet) in length. A typical truckload quantity is 165 to 220 rolls. On special request, the structural 
geogrid may also be custom cut to specific lengths or widths to suit site specific engineering designs. 

Notes 
1. Unless indicated otherwise, values shown are minimum average roll values determined in accordance with 'ASTM D-4759. Brief descriptions of 

test procedures are given in the following notes. Complete descriptions of test procedures are available on request from Tensar Earth 
Technologies, Inc. 

2. Nominal Dimensions. 
3. True resistance to elongation when initially subjected to a load measured via ASTM D6637 without deforming test materials under load before 

measuring such resistance or employing "secant" or "offset" tangent methods of measurement so as to overstate tensile properties. 
4 .  Load transfer capability measured via GRI-GG2-87. Expressed as a percentage of ultimate tensile strength. 
5. Resistance to bending force measured via ASTM 0-5732-95. using specimens of width two ribs wide, with transverse ribs cut flush with exterior 

edges of longitudinal ribs (as a "ladder"). and of length sufficiently long to enable measurement of the overhang dimension. The overall Flexural 
Stiffness is calculated as the square root of )he product of machine-and cross-machine-direction Flexural Stiffness values. 

6. Resistance to in-plane rotational movement measured by applying a 20 kg-cm moment to the central junction of a 9 inch x 9 inch specimen 
restrained at its perimeter (U.S. Army Corps of Engineers Methodology for measurement of Torsional Rigidity). 

7. Resistance to loss of load capacity or structural integrity when subjected to mechanical installation stress in clayey sand (SC), well graded sand 
(SW). and crushed stone classified as poorly graded gravel (GP). The geogrid shall be sampled in accordance with ASTM 05818 and load 
capacity shall be measured in accordance with ASTM D6637. 

8. Resistance to loss of load capacity or structural integrity when subjected to chemically aggressive environments measured via EPA 9090 
immersion testing. 

Tensar Earth Technologies, Inc. 
5883 Glenridge Drive, Suite 200 
Atlanta, Georgia 30328-5363 
(800) 836-7271 

0 
December 22,2004 
This product specification supersedes all prior specifications for the product described above and is not applicable to any products shipped prior to 
December 22,2004. 
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1.0 INTRODUCTION 

This Evaluation of 100-Yr storm event on buttress was developed to address potential storm water impacts the 
Original Landfill (OLF) Accelerated Action that may arise from Woman Creek’s flood plain. 

This evaluation addresses the following element: 

1. The erosion surface at the toe of the buttress at the OLF Accelerated Action Site. 

2.0 LANDFILL DESCRIPTION, LOCATION AND DRAINAGE 

The OLF site is located south of RFETS Buildings 440 and 460, along the north hillside of a ravine in the Woman 
Creek drainage area, extending from approximate Elevation 6,040 feet at the top to Elevation 5,950 feet at its base. 
Waste operations began in the early 1950s and continued through 1968. The OLF site footprint has a maximum 
length along the east-west direction of approximately 1,700 feet, and approximately 500 feet in the north-south 
direction, with an approximate area on the order of 20 acres. 

3.0 REFERENCES 

The surface water management system for the Original Landfill was evaluated using guidelines provided in the 
following documents: 

1. “SEDCAD 4 for Windows 95/98 & NT”. Design Manual and User’s Guide. 2001. 

2. “Urban Storm Drainage Criteria Manual” (Drainage Manual), Denver Urban Drainage and Flood Control 
District. 

3. “Erosion Control Materials Design Software Version 4.2 for Windows”. North American Green. 2002. 

4. “Applied Hydrology and Sedimentology for Disturbed Areas” BJ Barfield, RC Warner and CT Haan 
1981 

4.0 EVALUATION CRITERIA 

The attached North American Green model was used to evaluate the existing drainage characteristics of Woman 
Creek’s 100 yr flood plain. The model evaluated the following. 

1. Evaluate the encroachment of the Original Landfill (OLF) buttress on Woman Creeks 100 year flood 
plain. 

2. Evaluation of the effectiveness of the buttress cover from erosion from Woman Creek 100 year flood 
plain. 
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5.0 HYDROLOGIC A N D  HYDRAULIC DESIGN APPROACH 

Velocities in Woman Creek during the 100-year event were evaluated using three separate methodologies. The 
first methodology, being the simplest and least accurate was Q=AV to determine the overall velocities in the 
channel, The second methodology used Chezy’s equations to take into consideration the channel configuration 
(using the wetted perimeter as depicted on the lOOyr event map) and the channel roughness due to vegetation. 
The final analysis was completed using the North American Green model, which uses a modified Chezy’s 
equation to incorporated different side slopes and vegetation. 

To understand the variability of the three methods, cross section C-C’ was evaluated to validate each of the 
methods. At cross section C-Cy the three different techniques, showed that velocities ranged from 1.1 f p s  for 
V=Q/A, to 4.8 f p s  based on Chezy’s equation, and North American Green showed 2.5 f p s .  

It was determined that the North American Green model would more closely model natural condition by allowing 
input of both right and left bank slopes along with channel characteristics. 

Four cross sections were completed across Woman Creek to the buttress. Cross sections A through C were 
spaced throughout the native channel configurations. A forth cross-section, D-D’, was created at the narrowest 
point in the valley using the buttress design location. This cross section was used to evaluate a worst-case 
scenario. A comparative analysis was completed at cross section A through C using the assumption that the 
channel bottom was narrowed due to constriction from the buttress. Table F-1 summarizes these analyses. 

Table F-1 
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6.0 CONCLUSIONS 

Calculations were based on the 480 CFS discharge rate provided to Earth Tech via Mike Keating from Diana 
Woods and the site topography (State Plain Coordinate projection (3476) NAD 27) as depicted on the CH2MHill 
map also provided to us on 3/14/2005. The recent survey did not extend up the opposite side of the Woman 
Creek; therefore the old base map topography was used. 

In each of these cross sections, the buttress remained stable under the modeled parameters, which did not model 
the use of erosional mats. Although not required from this analysis to aid in this stabilization, C350 Permanent 
Turf reinforcement will cover the toe of the buttress to aid in the stabilizing the soil until sufficient vegetation is 
established due to the construction of the buttress. Re-vegetative species should include short woody species such 
as willow in this valley fill areas. 

Although the 100 yr flood plain map indicated depth in reaches over 4 feet, this could not be duplicated in this 
evaluation. These increase depths may be due to hydraulic control outside of the analysis area. Given a discharge 
of 480 CFS, if the depth did increase, the velocities would decrease to balance Q = AV. 

This analysis indicates that minimal erosion and the buttress's side slope will remain stable during the 100 yr 
event from Woman Creek 
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Calculation by: CA Boudreau 

Evaluation of V=Q/A and Chezy's Equation 

Given: 

V = Q/A 

Chezy's Equation 

Q = 480 Cubic Feel per Second 
A = Cross Sectional Area of 100 yr Flood Plain map at Given Cross Section 
S = Channel Slope 
WP = Wetted Perimeter of Channel Cross Section 
R = M P  
N = 0.10 for a very weed reach ( Min 0.075 to max 0.1 5) 

V=480CFS/437.5ftA2 = 1 .I fps 

WP = 437.5/164.4 = 2.66 

V = l.49/N*(R)A0.666*(S)A0.5 
V = 1.49/.1*(2.66)A0.666*(0.0284)A0.5 = 4.8fps 
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USING CHEZY’S EQUATION 
CALCULATIONS FOR CROSS SECTION C-C’ 
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Calculation by: CA Boudreau 

Evaluation of V=Q/A and Chezy‘s Equation 

Given: 
Q = 480 Cubic Feel per Second 
A = Cross Sectional Area of 100 yr Flood Plain map at Given Cross Section 
S = Channel Slope 
WP =Wetted Perimeter of Channel Cross Section 
R=A/WP 
N = 0.10 for a very weed reach ( Min 0.075 to max 0.15) 

V = Q/A 
V=480CFS/437.5ftA2 = 1 .I fps 

Chezy’s Equation 

WP = 43751164.4 = 2.66 

V = 1 .49/N*(R)A0.666*(S)A0.5 
V = 1.49/.1*(2.66)A0.666*(0.0284)A0.5 = 4.8fps 
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YYDRAULIC RESULT S 
Discharge Peak Flow Velcclty [fps] Area [sq ft) Hydraulic Normal 

[cfsl Period (hrsl Radus[ftl Depth C1 
480 0 5 0  230 20905 091 0 95 

Mattvlg Type Vegetation Characteristics 

Staple Pattern 
Reach Stability Analysis Permissible Calculated 

phase aaso D~~~~ Shearstress Sheer Stress 
IPSfI IPffI 

Straight Unreinforced Vegetatm E Mix 7595% 573 1 60 
s 011 Sandy Loam 0 035 0010 

Safety Factor Remarks 

3 57 STABLE 
3 59 STABLE 



UnrevdacedVegetation [nPO 100) 
qYDRAULIC RESULTS 

1 Discharge Peak Flow Veloctty [fps) Area [scft) Hydradlc Normal 
[cfsl Period [hrs) RadiusIftl Depth Pt l  

C B O O  5 0  224 21452 088 0 91 

I 

Mattmg Type Vegetation Chaacteiistis 

Staple Pattern 
Reach Stability Analysis Permissible 

phase oars lype ~~~i~~ Shear Stress 
IPSfl 

\-/- 
11 I 1  

Calculated Safety Factor Remarks 
Shear Stress 

(PSf) 

Not to Scale LINER RESULTS 

Stralght 
I I I I I I I 

Unieinforced Vegetatmn I B I Mlx 175-95%1 573 I 154 I 372 I STABLE 
soil Sandy Loam I 0035 I 0009 I 374 I STABLE 



I -  

PROJECTNAME OLF- _ _ _  __ IPROJECTNO 
FROM STATlONlREACH Cross 110 STATiON/REAM DRqlNAGE AREA i@ESlGN FREQUENG 10OYrEvent 

, .  

Od-,arge Peak Flow Velcclty (fpsY 
[cfs] Perlod [hrsl 

480 0 5 0  247 

Area (sq ft] Hydraulr Normal 

19416 102 1 08 
Radius[ft] Depth [ftl 

LINER RESUI TS 
Matting Type Vegetatian Chaacterittics 

Staple Pattern 
Reach Stability Analysis Permissible 

phase class T~~~ ~~i~~ Shear Stress 
IPSO 

Straight Unreirdorced Vegetation B Mix 75.95% 5.73 
Soil Sandy Loam 0.035 

Calculated 
Shear Stress 

(PSfI 
1 .e1 

0.01 1 

Nol to Scale 

STABLE 
STABLE 



PROJECT NAME A-A' CONSTRICTED I_ _ _  ]PROJECT NO - - 1  

FROM STATION/REACH IT0 STATION/REACH . IDRAINAGE AREA DESIGN FREQUENCr lOOYr Event ' 

I 

Discharge 
lcfsl 
b800 

Bottom 
Width = 160.00 I t  10.0 

Untemfmced Vegetation Ins0 1001 
Peak Flow Velonty [Ips] Area [spft) Hydradr Normal 
Period (hrsl Radius(ft] Depth Iftl 

5 0  256 18757 1 0 7  112 

L-IYDRAUJC RE SULTS 

r Mattmg Type Vegetation Characteristics 
Reach S tabiltty Anaiysis 

phase ass T~ D~~~~~ Staple Pattern 

Straight Unrernforced Vegetatm B Mix 17595% 
Sol Sandy Loam 

Permissible Calculated Safety Factor Remarks 
Shear Stfess SheaStress 

(PSfI IPSfI 

573 1 89 3 03 STABLE 
0 035 0011 305 STABLE 



Dischge Peak Flow 
I&) Period Ihrsl 

k800 50 

Bottom 
hl Width = 160.00 f l  4 5  

Velocity (fps] Area (sq ft] Hydraulic Normal 
Radiuslft) Depth l f t l  

254 18874 106 112  

LINER RESULTS 

Matting Type 

Staple Pattern 
Reach Stability Anabsis Permissible 

Sandy Loam 0.035 

Not to Scale 

Shear Stress 

STABLE 
0.01 1 STABLE 



-1YDMULIC RESULTS 
Dlschaige Peak Flow Velouty (tps] k e a  (sqft] Hydiaullc Normal ~ 

[cfs] P e d  [hrrl Radius[ftl Depth Iftl 
4800 5 0  247 19416 102 1 08 

Mattmg Type 

Staple Patlein 
Reach S tabaity Analysis 

Vegetation Characteristics 
Permissible Calculated Safety Factor Remarks 

phase class T~ ~~~t~ Shear Stress Sheai Stress 
IPffl IPSO 

I 

Straight I Unreinforced I Vegetation I I B I Mix 17595%) 5.73 1 1.81 J 3.16 I STABLE 

I I Soil I Sandy Loam 1 0.035 I 0.011 I 3.17 I STABLE 



Dischaige 
[cfs] 

480 0 

Bottom 
Width = 12O.OOft 

Peak Flow Velcnty [fps) Area [sq ft) Hydraulr Normal 
Period lhrsl RadiusIft] Depth [ftl 

5 0  2 8 2  17039 124 1 32 

LINER RESULTS 

L1YDRAU -.IC RE SULTS 

Not to Scale 

Maltlng Type Vegetation Characteristrs 

Staple Pattein 

Reach Stabddy AM~SIS Permissible Calculated 
Phase Class Type Densdy Shear Shear Stress 

l P 4  [PSO 

Straight Unreinforced Vegetation B Mix 7595% 573 2 23 
Sod Sandy Loam 0 035 0 014 

Safety Facta Remarks 

2 57 STABLE 
2 58 STABLE 
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LANDFILL ENGINEERING - REGULATORY REVIEW DESIGN 
GEOTECHNICAL DATA 



E A R T H -  T E C H  a 
A tyiCrr D\lTFRNA7XXW(e (ID CKYMMZJY 

5575 DTC Parkway, Suite 200 

Englewood, Colorado 801 I 1 

Project Project: WETS - Original Landfill Acceleratec, Action 

Subject: Landfill Engineering - Geotechnical Data 

lo. 57378.602 

Sheet Gi 

Date: 3/30/05 

By: Date: 3/19/05 Chk By: Date: A m  BY: Date: 

LIST OF ATTACHMENTS 

Attachment 1 
Attachment 2 
Attachment 3 

Centennial Quarry Pit Fines 
Centennial Rocky Flats Alluvium 
Test Pit and Borehole Logs 



APPENDIX G 

ATTACHMENT 1 
CENTENNIAL QUARRY PIT FINES 



'E 
Bulk 
Bulk 
Bulk 
Bulk 

I' 

TABLE 1 
ROCKY FLATS/PIELD and LAB TESTINGKO 

SUMMARY OF SOIL DATA 

NOTES: 

n 
. r c  

LL = LIQUID LIMIT 
PL = PLASTIC LIMIT 
PI = PLASTIC INDEX 
SL = SHRINKAGE LIMIT 

T = TRIAXIAL TEST 
U = UNCONFINED COMPRESSION TEST 
C = CONSOLIDATION TEST 

DS = DIRECT SHEAR TEST 
PERM = PERMEABILITY 

ASTM D4718 

JULY, 2004 
Soil Swmnary Z ~ ~ h d . ~ \ T a b k  I 

Golder Associates 043-2246.000 1 



ATIERBERG LIMITS 

4 OR 3 POINT A"ERBERG 

PLASnC LIMIT DETERhUNAllON 

umber of Blows 
'eight of Wet Soil & 

later Content % 

PLASTIC LIMIT (PL) 

DCl 
PLASTICITY INDEX (PI) 

)LOWS MC 
29 38.00 
20 41.39 
15 45.27 

3.37 25 
3 .oo 0.00 
2.71 -2 

IATIOb 

LIQUID LIMIT (LL) 

3 POINTS 
38.00 ,- 45.27 

-2 46.00 39.42 
0 0.00 #NUMI 

r ONE POINT A'ITERBERC 

LIQUID LIMITS 

LIQUID LIMIT (LL) 

0 
PLASZlCITY INDEX (PI) 

0 
I 
I NON-PLASTIC 

LIQUID LIMITS 

!..'i. 

PLASTIC LIMIT (PL) 

ECl 
LIQUID LIMIT (LL) m 

PLASTICITY INDEX (PI) Ea 
Colder Associates Inc. 



1 I 

4 
93.32 
571.96 

LUS (u h u m  s m  

hrrrlptbn 

USCS 

WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

W i . ~ S u n p k W a w ~ ~ )  

m B Y  

DATE SrT UP 
REVlEW BY 

30.44 

0.034 25.39 
0.022 22.85 

21.58 

0.003 19.04 
0.001 17.77 

2 7  g 
Colder Associates Inc  



043-2246.W ly44 
PARTICLE SIZE DISTRIBUTION & AlTERBERG LIMITS 

ASTM D421, D422, D4318 

PROJECT NAME 

TYPE BULK 

Rocky FlaQlField & Lab TestinglCO 
SAMPLE ID: P P I  Depth (f9: 

100 

90 

80 

Yo 70 

p 60 
a 
S 

8 
50 

i 

g 
0 40 

30 

20 

10 

0 
lo00 

Particle size in millimeters 

0.1 0.01 0.001 

(4 WIDP 

0.034 25.4 
0.022 22.8 
0.01 3 22.0 Fiics 

0.0091 21.6 SiltorClay 30.44 
0.0064 20.3 
0.0032 19.0 
0.0013 17.8 

DESCRIPT1ON:IYe~lowish brown (1 0 YR 9 8 )  clayey sand witb I 
I 

I PLASTlCln CHART 

- - 
t 

E 
X rJ 
0 

E 

- . . . . .  
0 IO 20 30 40 50 60 70 80 90 100 110 I LlQUID LIMIT (LL) 

ATTERBERG LIMITS 
M. LL PI. R S p C  

I 16.1 I 39 I 19 I 20 I 

DATE 7/15/20( 
REVIEW 

a?$ Golder Associates Inc. 



ASTM D 698 & 1557 

PROJECT TITLE 
PROJECT NUMBER 
SAMPLE IDENTITY 
SAMPLE TYPE 

Rocky FIstslFleld & Lab TestingKO D 4718 1 
043-2246.0001 I 

BULK 

MOLD NUMBER 
MOLD WEIGHT (gm) 
MOLD DIAMETER (in) 
MOLD HEIGHT (in) 
MOLD VOLUME (cart) 

TYPE COMPACTOR PREPARATION METHOD A: 20% OR LESS RETAINED ON #4 
p z z q  -1 

1-1 
METHOD B: > 20% RETAINED ON #4 AND 

TYPE PROCTOR 20% OR LESS RETAINED ON 318 

METHOD C > 20% RETAINED ON 318" AND 
30% RETAINED ON 314" 5.5 4bf. RAMMER WITH 12 INCH DROP 

WATER CONTENT 

Wet W,' Tare & Soil 
Dry Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry SOU 
Water Content (dec) 
Water Content (%) 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

28.91 
7.76 

I I I 

TOTAL WEIGHT.WET (COARSE & FINE ) 
TOTAL WEIGHT, DRY ( COARSE & FINE ) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 
WElGBT RETAINED ON 318" SIEVE (WET) 
WEIGHT RETAINED ON 314" SIEVE (WET) 

PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 318" SIEVE (DRY) 
PERCENT RETAINED ON 314" SIEVE (DRY) 

I I I 1 I 5 I 6 I 7 POINT RESULTS (FINE) 1 2 3 4 1 
Wt.SoU& Mold 
Weight of Mold 
Wt. Of Wet SOU 
Wet Density, wd (pea 

4194.0 I 4233.1 I 4231.4 I 4189.6 I 
2271.50 I 2271.50 I 2271.50 I 2271.50 I 

I I . .  I I 

(WJ=WI-W2) 1738.80 I 1922.50 I 1961.60 I 1959.90 I 1918.10 I I 
(W3/453.6*Vm) 115.22 I 127.39 I 129.98 I 129.87 I 127.10 I 

WATER CONTENTS 
Wt Tare & SOU (W4) 680.59 613.87 697.53 62327 604.74 
Wt Tare & SOU (WS) 628.53 56124 626.08 555.47 533.03 
Wt Tare (W6) 104.24 10134 100.46 103.18 100.83 
Wt Moisture (W7=W4-W5) 52.06 52.63 71.45 67.80 71.71 
Wt Dry Soil (WS=WSW6) 524.29 459.90 525.62 452.29 432.20 

Water Content ('YO) (w7/w8)*100 9.9% I 11.4% I 13.6% I 15.0% I 16.6% I I 
Dry Denshy @cfJ (wd/(l+wc)) 104.8 I 114.3 I 114.4 I 112.9 I 109.0 I I 

~~ 

MAXIMUM DRY DENSITY @eo 
OPTIMUM MOISTURE CONTENT (Yo) 
Corrected Maximum Dry Density @cf) 
Corrected Optimum Moisture (%) USCS 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (pm) 
Weight of SaturatedSurhce-Dry (gm) 
Weight of Saturated Sample in Water (pm) C 301.90 
Absorption of Oversize Particles (YO) I@-A)/A)*100 0.46 

Bulk Specific Gravity A/(B-C) I 2.465 I I 1 
AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC G R A V l n  (assumed) 

EzE 
REVIEW 

27-7 Golder Associates 



MOISTURE / DRY DENSITY CURVE 

DESCRIPTION 

D698 METHODA 

Yellowish b m  (10 YR 5/8) clayey sand with gravel 

5% 10% 15% 20% 25% 30% 355 0% 

MOISTURE CONTENT Yo 

MAXIMUM DRY DENSlTY @cf) 1 15.8 I Comctcd Maximum Dry Density @cf) 120.6 
OPTIMUM MOISTURE (%) 12.7 I Comaed Opthum Mokhm (%) 10.7 

Rocky PlatslPield & Lab TestingCO 
043-2246.0001 

PI 

REVIEW 

Golder Associates 
27& 



ATTERBERG LIMITS 

WL Wa Soil & Tsre (gm) 544.40 
wr*so i l&~.~ (gm)  503.10 
WI. OlTm (ea) 103.50 
WL d Wata (gm) 41.30 
w ~ o r h y s o i ~ ( g m )  399.60 

SAMPLE ID: PF-2 
TYPE BULK 

PLAsTlC LlMIT DETERMINATION 
umber 'eight ofwet of Blows Soil &ET, 
klght of Dry Soil & T :<2 
'eight of Tarc (gm) 
'eight of Watn (ern) 
'eight of Dry Soil (PI 
rater Content % 19.30 19.30 

NATIOP 

p-p-p-] 
41.42 42.84 46.08 

PLASTIC LIMIT (PL) LIQUID LIMIT (LL) rn DcI 
PLASTICITY INDEX (PI) 

,LOWS MC 
32 41.42 3.41 25 
25 42.84 3.22 0.00 
17 46.08 2.83 -2 
0 0.00 #NUM! 

I ONE POINT ATTERBERG I 
u m k o f ~ b m  p u s n c  LIMITS 
&4 d W d S a l  I T " W  

d$a dWSoJ I T -  lQa 
Weight of Tarc (ern) 
Weight of Water (pn) 
weight of Dry SOP (p 

ater c4mIcnl% 

PLASTIC LlMll E 0 

LIQUID LIMITS 
TRlAL I TRIAL2 

KVALUE: Bwwsm #N/A 

LIQUID LIMIT (LL) 
0 

I NON-PLASTIC I 

LIQUID LIMIT (U) m PLASTIC LlMlT(PL) 

PLASTICITY INDEX (PI) 

Colder Associates I n c  



PZ'8 [ 
P66I  900'0 
9E'OZ 600'0 
I Z I Z  €100 
1 6 Z 2  zzoo 
EE'EZ SEO'O 
*SY. (Mu) 

win 
OWI 

OW 

OLI 

0111 

ONlSSVd $4 



1ly-N 043-2246.0001 

PARTICLE SIZE DISTRIBUTION & A'ITERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME: 
SAMPLE ID: PF-2 Depth (A): - 
TYPE: BULK 

Rocky FlaWPield & Lab TestinglCO 

100 

90 

80 

yo 70 

p 60 
a 
S 50 

i 

g 
0 40 

30 

20 

10 

0 
1 000 100 10 / 1 ',t 0.1 0.01 0.001 

Y .' 
Particle size io millimeters 

COBBLES GRAVEL I SAND FINES 

ATTERBERG LIMITS i 
0.035 233 
0.022 22.9 
0.01 3 21.2 

20.4 
0.0065 19.9 
0.0033 18.2 
0.0014 17.0 

I 

Fines 
SiltorCLay 28.08 

PLASTlClTY CHART 

DESCRIPTION: 

I . ' ' . ' '  
o IO m 30 u) M KI 70 BO 90 I O O I I O  

LIQUID LIMIT (LL) 

Yellowish brown (1 0 YR 5/8) clayey sand 

Y U. n n S p C  

103 43 I 19 24 I 

REVIEW 

m Golder Associates Inc. 



01- DE- C T  
ASTM D 698 & 1557 

PROJECT TITLE Rocky FlatJlFleld & Lab TestlnglCO D 4718 
PROJECT NUMBER 043-2246.0001 

SAMPLE TYPE BULK 1 
MOLD NUMBER 
MOLD WEIGHT (em) 

I 
1 

SAMPLE IDENTITY P P 2  I I 
TYPE COMPACTOR PREPARATION METHOD A: 20% OR LESS RETAINED ON #4 

7 1  7 1  
METHOD B: > 20% RETAINED ON #4 AND 

TYPE PROCTOR 20%0 OR LESS RETAINED ON 3/8' -1 
METHOD C > 20% RETAINED ON 3/8" AND 

< 30./0 RETAINED ON 3/4" 5 5  4bf. RAMMER WITH 12 INCH DROP 

- _ _ _  ~ 

MOLD DIAMETER (in) 
MOLD HEIGHT (la) 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 

Wet Wt Tare & Soil 
Dry Wt'Tare & SOU 
Wt Tare 
Wt Moisture 
Wt Drv Soil 

FRACTION SAMPLE 
1 504.07 I 6531 1 (W1) 

W 2 )  

50.53 ,- ~ 
-. 

Water Content (dec) 0.0190 
Water Content (Yo) I .9% 

TOTAL WEIGHT, WET [COARSE & HNE)  
TOTAL WEIGHT. DRY ( COARSE & FINE ) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 
WEIGHT RETAINED ON 3/8" SIEVE (WET) 
WEIGHT RETAINED ON 3/4" SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 3/8" SIEVE (DRY) 
PERCENT RETAINED ON 3 4 "  SIEVE (DRY) 

I I I I I I I 7 POINT RESULTS (FINE) 1 2 3 4 5 6 

Wt.SoU& Mold (WI) 4084.9 4186.2 4229.3 4239.2 4 186.3 
Weight of Mold (W2) 2265.00 2265.00 2265.00 2265.00 2265.00 
Wt. Of Wet Soil (W3=Wl-W2) 1819.90 1921.20 196430 1974.20 1921.30 
Wet Density, wd (pcf) (W3/453.6'Vm) 120.98 127.71 130.58 131.23 127.72 

1 

WATER CONTENTS 
Wt Tare & Soil 
Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry SOU 

622.13 I 620.65 I 693.33 I 636.60 I 
564.98 I 558.62 I 615.08 I 559.91 I I I 
104.36 1 105.25 I 101.88 I 102.18 1 
57.15 I 62.03 I 7825 I 76.63 I 

I I 
(W*WS-Wa) 471.88 I 460.62 I 453.37 I 513.20 I 457.79 I I 

Water Content (YO) 12.4% I 13.7% I 15.2% I 16.7% I 
Dry Density (pcf) 113.6 I 114.9 I 113.9 I 109.4 I I I 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weigbt of Oven Dry Sample (gm) A 504.07 I 
Weight of Saturated-Surface-Dry (gm) B 506.40 
Weight of Saturated Sample in Water (gm) C 301.90 
Absorption of Oversize Partkles (%) l@-A)/AJo1OO 0.46 

MAXIMUM DRY DENSITY (pcf) 
OPTIMUM MOISTURE CONTENT (%) 
Corrected Maximum Dry Density @cT) 
Corrected Optimum Moisture (YO) 

Yellowish brown (1 0 Y R 518) clayey sand I 

LLI 43 1 

pL PI 1-1 
Bulk Specific Gravity A/(B-c) 2.465 I I I 

REVIEW 
AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) 

Golder Associates 279- 



I 

MOISTURE / DRY DENSITY CURVE 
D698 METHODA 

0% 5% 10% 15% 20% 25% 30% 35% 

MOISTURE CONTENT Yo 

MAXIMUM DRY DENSITY @cf) 1 14.9 I Comcted Maximum Dry Dcnsity @ef) 119.9 
OPTIMUM MOISTURE (%) 13.9 I Comcted Optimum Moism (%) 11.7 

SAMPLE ID 
SAMPLETYPE 

SAMPLE DEPTH 

uses 

Rocky PlatslPield & Lab TestinglCO 
043-2246.0001 

PI 

REVIEW 

Golder Associates 



.. ATTERBERG LIMITS 

AS RECEIVED WATER CONTWT PROJECT NAME 

PROJECT NUMBWI: 

SAMPLE ID: 

Type 

R&ky FlaWield & Lab Testing/CO 
043-2246.0001 
PF-3 
BULK 

! 

DirmrrcOmrmCh) I 18.11 I 

4 OR 3 POINT ATTERBERG 

PLASTlC LIMIT DETERMINATlON 

umber of Blows 
‘eight of WCI Soil& 
‘eight of Dty Soil & T 
’eight of Tare (gm) 
‘eight of W s t n  (gm) 

rater Content % 
‘eight of Dry Sod (Bm 

PLASTlC LIMIT (PL) 
ELI 

PLASTICITY INDEX (PI) 

lLOWS MC 
30 41.35 3.40 25 
22 44.54 3.09 0.00 
15 46.75 2.71 -2 
0 0.00 #NUMI 

LIQUID LlMlT (LL) 

3 POINTS 

3 ;25 . *- 

Colder Associates Inc 



. 

LUS 114 MATUUAL s a n  
Tuc Weight 7 1  

(Wt.+Tuc) RETAINED PASSING 
12 0- 

6 0. 
3.0- 

2.0' 

1.5' 

I .O' 

0.75" 

0.375' 

W 

aio 
120 

WO 

160 

1100 

1200 

PROJECT NUMBER: 

SAMPLE ID: 

TYPE 

Dacrlptloa 

USCS 

TesTBY 
PL DATE SET Up 

PI REVIEW BY 

WEIGHT OF SAMPLE USED FOR HYDROMETER TFST 

WrofsrmpkWanDry(Bn) mi 

Colder Assodates I n c  



. 

0 

0 

0 

I 

043-2246.00 
PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 

ASTM D421, D422, D4318 

PROJECT NAME 
SAMPLE ID: PF-3 Depth (A): 
TYPE BULK 

Rocky PlatslField & Lab TestioglCO 

uscs: 

100 

90 

80 

% 70 

p 60 
a 

* so 

0 40 

8 

i 

g 
30 

20 

10 

0 

gravel I 
sc I 

0.035 
t T i d e - 1  

0.013 I 20.7 F i  
Silt or Clay 

0.0032 
0.001 3 17.0 

29.62 

PLASTICITY CHART 

0 10 20 30 40 M 60 70 60 90 I 0 0  110 
LIQUID LIMIT (LL) 

AlTERBERG LIMITS 

M. u PL n S p C  

I 18.1 I 43 I I8  1 25 I - 
I I 

DATE 7llSL20 
 REVIEW^ NG 

asb Golder Associates Inc. 



a 

a 
(WI) 4207.5 3977.7 4068.4 42383 
(W2) 2271.50 2271.50 2271.50 2271.50 

(WJ=WI-W2) 1936.00 170620 1796.90 1966.80 
(W3/453b*Vm) 128.28 113.06 1 19.07 130.33 

0ETUFt.K DENSITY CURVES 
ASTM D 698 & 1557 

42572 4158.9 
2271.50 2271.50 
1985.70 1887.40 
131.58 125.06 

ROJECT TITLE 
ROJECT NUMBER 
AMPLE IDENTITY 
AMPLE TYPE 

634.51 662.50 592.22 619.45 6 1 5.25 
560.41 621.16 548.79 560.57 552.90 
104.43 101.19 103.76 103.95 103.99 
74.10 41.34 43.43 58.88 62.35 

455.98 5 19.91 445.03 456.62 448.91 

IOLD NUMBER 
IOLD WEIGHT (gm) 
IOLD DIAMETER (h) 
IOLD HEIGHT (in) 
IOLD VOLUME (cu.ft) 

656.04 
601.65 
10231 
54.39 
499.34 

D 4718 I 
I 

PREPARATION METEOD A: 2OYo OR LESS RETAINED ON #4 

METHOD B: > 20% RETAINED ON #4 AND 
TYPE PROCTOR 209'0 OR LESS RETAINED ON 3/8 

METROD C > 20% RETAINED ON 318" AND 
5.5 4bf. RAMMER WITH 12 INCH DROP 30% RETAINED ON 314" 

USCS 

WATER CONTENT 

gravel 

I 

sc I 

Net Wt Tare & SOU 
)ry Wt Tare & SOU 
Ut Tare 
Ut Moisture 
Ut Dry SOU 
Water Content (dec) 
Water Content ('Yo) 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
PRACTION SAMPLE 

193.23 
186.84 
28.14 
6.39 

( W 4 N S ) * l O O  2.3% I 4.0?% 

TOTAL WEIGHT, WET ( COARSE & FINE ) 
TOTAL WEIGHT, DRY (COARSE & FINE) 
WEIGHT RETAINED ON # 4 SIEVE (WEn 
WEIGHT RETAINED ON 
WEIGHT RETAINED ON 
PERCENT RETAINED ON 
PERCENT RETAINED ON 
PERCENT RETAINED ON 

3/4" SIEVE (WET) 

318" SIEVE (DRY) 
314" SIEVE (DRY) 

1.67% 

I I I I I I I 1 2 3 4 5 6 7 POINT RESULTS (FINE) I 
Wt.SoU& Mold 
Weight of Mold 
Wt. Of Wet Soil 
Wet Denslty, wd @cf) 

WATER CONTENTS 
W t  Tare & SOU 
W t  Tare & SOU 
Wt Tare 
Wt Moisture 
Wt Dry SOU 

(W4) 
(Ws) 
(We 

(W7=W&WS) 
(Ws=ws-w6) 

8.0% I 9.8% I 12.9% I 13.90% I 10.9% I 
104.7 I 108.5 I 115.4 I 115.5 I 112.8 I 

Water Content ('YO) 
Dry Density @e0 1 
MAXIMUM DRY DENSITY @a 
OPTIMUM MOISTURE CONTENT ('Ye) 

Corrected Maximum Dry Density@cf) 
Corrected Optimum Moisture (Yo) 

DESCRIPTION /Yellowish brown (IO YR 518) clayey sand with 1 r 
L 

121.0 

Specinc Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (gm) 
Weight of SaturatedSurface-Dry (gm) 
Weight of Saturated Sample In Water (gm) c 301.90 
Absorption of Overaize Particles ('Ya) [@-A)IA]*lOO 0.47 MC 18.10% 

Bulk Specinc Gravity A/(B-c) I 2.465 I I 1 
AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAMW (assumed) 

;WI 
REVIEW 

Golder Associates 



MOISTURE / DRY DENSITY CURVE 
D 698 METHOD A 

145 

140 

135 

130 

125 

95 

90 

85 

80 

75 
0% 5% 10% 15% 20% 25% 

MOISTURE CONTENT % 

30% 35% 

MAXIMUM DRY DENSITY @cf) 1 15.5 I Comctcd Maximum Dry Density @c9 121.0 
OPTIMUM MOISTURE (%) 13.2 I Corrected Optimum Moistwe (%) 10.9 

uses 

PI 

Rocky PlatslPield & Lab TestinglCO 
043-2246.0001 DATE 7/16/04 

REVIEW 

3 aa Golder Associates 



. 

WI. we ~oil.t~.rom) 827.30. 
wt.~soil.t~mrn 720.01 
WI. of Tam m) 103.55 
WI.ofWEU@m) 107.29 
w~ofoysol l@m) 616.46 
MoimmCmtan(30 17.40 

ATTERBERG LIMITS 

SAMPLE ID: PF-4 
TYPE BULK 0 

I PLASTIC LIMIT DETERMINATION 
umber of Blow 

I PLASTIC LIMIT (PL) 

ILOWS MC 
30 33.73 3.40 25 
24 35.78 3.18 0.00 
15 39.76 2.71 -2 
0 0.00 #NUMI 

ATIOS 

LIQUID LIMIT (LL) 

33.73 

I 

I ONE POINT ATTERBERG 

,,,,,h of Bloan pmsnc LIMITS 
d w a  Sdld 1- I& 

PLASTIC LIMIT (PL) 

0 

' I  PLASTICITY INDEX (PO n 

LIQUII 

0.00 
0.00 

#DIV/O! 
!.'p 

- - 
PLASTIC LIMIT (PL) 

lNpl 
LIQUID LIMIT (LL) m 

PLASTICITY INDEX (PI) m 



. 

$2730 

107.29 
616.46 

MONlXANDYEAU 

PROJECTNAME 
PROJECT NUMBF2k 

SAMPLE ID. 

TYPE 

Deartipdon 

USCS 

TESTBY 
DATE Stf UP 
REVIEW BY 

10.55 

59.20 

(nun) ' W i  

0.035 24.62 
0.022 21.55 
0.013 20.67 
0.009 19.35 
0.006 18.47 
0.003 18.03 

.0.001 16.27 

asa Golder Associates I n e  



. 

0 

0 

0 

COBBLES 

043-2246.001 
PARTICLE SIZE DISTRIBUTION & AlTERBERG LIMITS 

ASTM D421, D422, D4318 

PROJECT NAME 
SAMPLE ID: PF-4 Depth (ft): 
TYPE: BULK 

Rocky FlaWField & Lab TestindCO 

GRAVEL SAND FINES I 

100 

90 

80 

Yo 70 

p 60 
a 

50 s 
i l  
n 4O 

30 
g 

20 

10 

0 

I 2' 

lo00 100 cc, 1. F- 1 ,  0.1 

Particle size in millimeters 
S P  

10 0.01 0.001 

Particle si Panicle si 

(-1 %Fila 

0.035 24.6 
0.022 215 
0.013 20.7 F W  
0.0091 193 Silt orQay 30.25 
0.0064 18.5 
0.0032 18.0 
0.0014 163 

(-1 %Fila 

0.035 24.6 
0.022 215 
0.013 20.7 F W  
0.0091 193 Silt orQay 30.25 
0.0064 18.5 
0.0032 18.0 
0.0014 163 

DESCRIPTION: Yellowish brown (IOYR 5/8) clayey sand I 
I 

uscs: sc I 

PLASTlClhT CHART 

AlTERBERG LIMITS 
M. u PL n spc 

17.4 35 16 I 19 

REVIEW[-- MB 

a? I Golder Associates Inc. 



01- D E E  
ASTM D 698 & 1557 

Wt. Soil & Mold (W1) 
Weight of Mold (W2) 

Wet Density, wd (per) (W3/453.6*Vm) 
Wt. Of Wet Soil (W3=Wl-W2) 

D4718 I 
I 

PREPARATION METHOD A: 20% OR LESS RETAINED ON #4 

PROJECT TITLE 
PROJECT NUMBER 
SAMPLE IDENTITY 
SAMPLE TYPE 

MOLD NUMBER 
MOLD WEIGHT (pm) 
MOLD DIAMETER (in) 
MOLD HEIGHT (in) 
MOLD VOLUME (cu.ft) 

TYPE COMPACTOR 
(Mechanicail Iw.(M.lh.d) 

2265.8 METHOD B: > 20% al'AINED ON #4 AND 
TYPE PROCTOR 20% OR LESS RETAINED ON 3A 

METHOD C > 20% RETAINED ON 3/8" AND 
5 5  4bf. RAMMER WITH 12 INCH DROP < 30% RETAINED ON 3/4" 

4070.6 4226.9 4270.5 4242.8 4209.7 4 166.9 
2265.80 2265.80 2265.80 2265.80 2265.80 2265.80 
1804.80 1961.10 2004.70 1977.00 1943.90 1901.10 
119.97 130.36 13326 13 1.42 129.22 126.38 

WATER CONTENT 

(WS) 
(W6) 

(W7=WCWS) 
(We=Ws-W6) 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

51033 421.84 38739 480.76 414.14 442.34 
100.45 103.77 105.1 1 104.61 101.83 99.91 
36.20 37.49 38.24 56.93 5221 61.83 

409.78 3 18.07 282.28 376.15 31231 342.43 

TOTAL WEIGHT, WET ( COARSE & FINE ) 
TOTAL WEIGHT, DRY ( COARSE & FINE ) 
WEIGBTRETAMEDON # 4  SIEVE (WET) 

114.09 
113.02 

Wet Wt Tare & SOU 
Dry Wt Tare & SOU 
Wt Tare 21.80 
Wt Moisture WEIGHT RETAINED ON 3/8" SIEVE (WET) 
Wt Dry SOU 91.22 WEIGHT RETAINED ON 3/4" SIEVE (WET) 

Water Content (am) 
Water Content (YO) 

0.01 17 
I .2% 

PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 318" SIEVE (DRY) 
PERCENT RETAINED ON 314" SIEVE (DRY) 

I I I I I 6 7 POINT RESULTS (FINE) 1 2 3 4 S 

WATER CONTENTS 
Wt Tare & SOU (W4) I 546.43 I 45933 I 425.63 I 537.69 I 466.35 1 504.17 I 1 
Wt Tare & SOU 
Wt Tare 
Wt Moisture 
Wt Dry Soil 

Water Content (YO) 
Dry Density (PO 

11.8% I 13.5% I 15.1% I 16.7% I 18.1% I 
116.6 I 117.4 I 114.1 I 110.7 I 107.0 I I 

MAXIMUM DRY DENSITY @cfJ 

Corrected Maximum Dry Density@cl) 
OPTIMUM MOISTURE CONTENT (Yo) 

Corrected Optimum Moisture (Yo) USCS 

Specine Gravily And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (gm) 
Weight of SaturatedSurfaceDry (gm) 
Weight of Saturated Sample in Water (gm) C 301.90 
Absorption of Oversize Particles (YO) [(&A)IAjglOO 0.46 MC 12% 

Bulk Speciflc Gravity A/(B-c) I 2.465 I I I 
TECH 

I 

AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) REVIEW DATE E 

Golder Associates 
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MOISTURE / DRY DENSITY CURVE 
D698 METHODA 

MAXIMUM DRY DENSITY @cf) 1 17.6 I Comcted MkTimum Dry Density @cf) 122.9 
OPTIMUM MOISTURE (Yo) 12.9 I Comcred Optimum Moisture (%) 10.6 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH 
MC pll-i%-i . _ _  

uses 

REVIEW 

Rocky FlatslPield & Lab TestingCO 
043-2246.0001 

Golder Associates fzq3 



a 

w t . w a ~ a ~ s r e b )  586.89 
wt.m~o~~~ue(lpn) 532.23 
WL d T o D  am) 103.94 
WLOrWpa(glll) 54.66 
w + t t o l h y s d l ~ )  428.29 

rbturrcomanDc) 12.76 

ATTERBERG LIMITS 

SAMPLe ID: PF-5 
' T Y P E  BULK 

4 OR 3 POMT ATTERBERG 

PLASTIC WMlT DETERMINAl 

mbrr of Blows 
eight o f W a  Soil  & 

eight of Dry Soil  & 
elght of Tare (gm) 
eight of Water (gm) 
eight ofDry Soil  (gm 
ater Content % 

PLASTIC LIMIT (PL) c a  
PLASnClTY INDEX (PI) 

,LOWS MC 
35 36.55 3.56 25 
26 37.23 3.26 0.00 
19 38.38 2.94 -2 
0 0.00 #NUMI 

~p-p-pj 
36.55 3 1 2 3  38.38 

LIQUID LIMIT U) 

36.551 38.38 37.49 37.4 
-2 40.00 37.49 

ONE POlNT AITERBERC 

U U 

n PLASTICITY INDEX (PI) 

I NON-PLASTIC 3 

eidndRysdl A T.n 0 
Weigh( of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm 
Water conlent ?4 

LIQUID LIMITS 

;%.'t' 

PLASIlC LIMIT (PL) LIQUID WMIT (U) 

PLASTICITY INDEX (PI) 

Colder Associates I n c  qq Y 



L 

I 

1 PLUS U MAmw SIEVE 
Tuc Weigh 

428.29 

I 

MONTHANDYEAR 3 

PROIECTIYUMBER: I 
PRQJECT NAME i 

SAMPLE ID. i 
TYPE 

..PASSDIG 

120 

U O  

a100 

LL TESTBY 
PL DATE SET UP 
PI REVIEW BY 

14.49 

56.67 

WEIGHT OF SAMPLE USED FOR HYDROMETER TESI 
Wt. dsuspk W e  a Dry(Ipn) 

a4 i Colder Associates I n c  



043-2246.M 

PARTlCLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME 
SAMPLE ID: PF-5 Depth (fi): 
TYPE: BULK 

Rocky FlaWField & Lab TestioglCO 

GRAVEL SAND FINES I 

100 - 
90 -’ 

80 

% 70 

-’ 

- 

p 60 - 
8 

so - 
S 

il 
n 40 

- 
g 

30 - 

20 - 

10 - 

O F  
100 0.1 ’ /  

10 “k.3 1 ?%< 

Particle size io millimeters 

0.01 0.001 

Pedicle si Particle si 

I-) YOFii 

0.035 24.4 
0.022 22.2 
0.01 3 21.1 Fims 

0.0090 20.4 Silt orClay 28.84 
0.0065 19.5 
0.0032 
0.0014 I13 

usm 

0 10 20 M 40 so 60 10 0 w loo 110 
LIQUID LIMIT (LL) 

ATTERBERG LIMITS 
w LL PL P I *  

12.8 31 19 I 18 

TECH[ JR 

Golder Associates Inc. 17 b 



ASTM D 698 & 1557 

(W1) 
(W2) 

(W3=WI-W2) 
(W31453.6Vrn) 

D 4718 I 
1 

PREPARATION METHOD A: 20% OR LESS RETAINED ON #4 

PROJECT TITLE 
PROJECT NUMBER 
SAMPLE IDENTITY 
SAMPLE TYPE 

MOLD NUMBER 
MOLD WEIGHT (pm) 
MOLD DIAMETER (in) 

7 1  
METHOD B: > 20% RETAINED ON #4 AND 

TYPE PROCTOR 20% OR LESS RETAINED ON 3/8 

4032.1 41 18.9 4238.1 4253.8 4244.5 
2265.00 2265.00 2265.00 2265.00 2265.00 
1767.10 1853.90 1973.1 0 1988.80 1979.50 
117.47 123.24 131.16 13221 131.59 

Standard I 
MOLD VOLUME (cu.ft) METHOD C > 20% RETAINED ON 3/8" AND 

5 5  -1bf. RAMMER WITH 12 INCH DROP 30% RETAINED ON 314" 

MOLD HEIGHT (in) 

(W4) 
(W5) 
(W6) 

(W7=W4-W5) 
(W%W!bW6) 

WATER CONTENT 

643.01 612.82 649.00 658.69 647.98 
598.18 563.91 589.34 592.03 577.19 
103.94 102.20 101.89 103.14 104.41 
44.83 48.91 59.66 66.66 70.79 
49424 461.71 487.45 488.89 472.78 

Wet Wt Tare & Soil 
Dry Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry SOU 
Water Content (dec) 
Water Content (%) 

A 
B 

e m )  C 
I(B-A)/A]*IOO 

COARSE TOTAL 
FRACTION SAMPLE 

157.87 
15329 

(W3) 32.34 
Iw4=WI-W2I 11.19 . 

504.07 
506.40 
301.90 

0.46 

TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 

TOTAL WEIGHT, WET (COARSE & FINE) 
TOTAL WEIGHT, DRY ( COARSE & PINE ) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 
WEIGHT RETAINED ON 3B" SIEVE (WET) 
WEIGHT RETAINED ON 3/4" SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 318" SIEVE (DRY) 
PERCENT RETAINED ON 314" SIEVE (DRY) 

POINT RESULTS (FINE) 1 2 3 4 5 6 7 1 I I I I I I 1 
Wt. Soil & Mold 
Weight of Mold 
Wt. Of Wet SOU 
Wet Density, wd (pel) 

WATER CONTENTS 
Wt Tare & Soil 
Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 

Water Content (YO) 10.6% I 12.2% I 13.6% I 15.0% I 
3ry Density @cl) 111.4 I 116.9 I 116.3 I 114.5 I I I 
W l M U M  DRY DENSITY @el) 
3PTIMUM MOISTURE CONTENT (Yo) 
Zorrected Maximum Dry Density@el) 
Zorrected Optimum Moisture (%) USCS 

Speciflc Gravity And AbsorpHon of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample e m )  
Weight of SaturatedSurface-Dry (gm) 
Weight of Saturated Sample in Water 
4bsorption of Oversize Particles (YO) 

Bulk Specinc Gravity A I 0  2.465 I I 1 
4VERAGE ABSORPTION (assumed) 
4VERAGE BULK SPECIFIC GRAVITY (assumed) REVIEW 

Golder Associates 



MOISTURE / DRY DENSITY CURVE 
D698 METHODA 

80 - 
75 

DESCRIPTION 

MAXIMUM DRY DENSITY @cf) 1 1  7.4 I Comcted Maximum Dry Density @cf) 121.9 
OPTIMUM MOISTURE (Yo) 12.7 I Comcted Optimum Moisture (%) 10.8 

Yellowish brown (10 YR 5/8) 

PI 

I 

Rocky PlatslPield & Lab Testing/CO 
043-2246.0001 

2% Golder Associates 



ATlXRBERC LIMITS 

WL wu soil a ~. rs  m) 
WI. h y s o U &  Tam@) 
WL d T m  (en) 

WL d W O S ~ )  

Wci@IldaySoil(lpa) 
Moimrro Gaur! (W 

PRWECT NAME 

732.79 SAMPLE ID: PF-5 Dup 
668.3 1 TYPE BULK 
103.82 
64.48 
564.49 
1 1.42 

Rocky Flats/Field & Lab Testing/CO 

PLASTlC LIMIT DETERMINATION 

umber of Blows 
kight of Wet Soil & 
kight ofDiy Soil 8t 
kight of T m  (p) 
hght of Wetn  (-1 
fctgh1 of Dry sol1 (p 
rater Colltenc % 

PLASTIC LIMIT (PL) 

Erl 
PLASTICITY INDEX (PI) 
m 

ILOWS MC 
35 37.99 3.56 25 
23 40.61 3.14 0.00 
16 43.44 2.77 -2 
0 0.00 #NUMI 

ATIOh 

LIQUID LIMIT (LL) 

1401 

37.99 

I ONE POINT ATTERBERG 3 
u m k  ofBb= PLASTIC LIMITS 

PLASTIC LlMll 

0 
: (PL) 

LIQUID LIMITS 

LIQUID LIMIT (LL) n 

NON-PLASTIC 

ofB]- PLASTIC LIMITS 
wd@ d W a  M A T-m) 

V W  d 4 W  .s T.n(au 

Weight of Tare (gm) 
Weight of Watcr (~Iu) 
Weight of Dry Soil (a 
Warn Gmtm % 

PLASTIC LIMIT (PL) 

lNpl 

lNpl 
PLASTICITY INDEX (PI) 

LIQUID LIMIT (LL) 

LEI 

Colder Associates Inc  w y  



.us a4 MAmlAL SIEVE 
Tuc Weigh 

BACK SIEVE' 
Tuc Weighr 

(Wi.+Tm) RFTALNED PASSING 
12.0' 

6 0- 

1.0' 

2 9  

2.0" 

15' 

I .om 
0.75' 

0.175' 

#4 

Y 

Ten' BY 

DATE SET UP 
REVIEWBY 

12.78 

58.86 

looo! 
WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

WL dSurqk Wc( u thy@m) 

30 d Colder Associates Inc. 



Ily-b4 043-2246.00 
PARTICLE SIZE DISTRIBUTION & ATTERBERC LIMITS 

ASTM D421, D422, D4318 

PROJECT NAME 
SAMPLE ID: PF-5 DUP Depth (ft): - 
TYPE: BULK 

Rocky Flats/Field & Lab TestinglCO 

I , 
I 

100 

90 

80 

% 70 

p 60 
a 

50 

:‘ 40 
g 

30 

20 

10 

0 

PLASTICITY CHART 

z 

€ 

‘ 3  
CI 
E 

!i 
I &  

3‘ 2 

111111 I I I 

0.035 235 
213 

0.013 
0.0091 19.9 Silt orclay 

0.0066 19.0 

1 20.8 Fines 
. 0 .02  

U 

0.0033 182 
0.0014 16.4 

lo00 100 

2836 

1. 3/4. 3m #4 *IO A20 Mo tM0 1100 m . .  .. 

10 1 0.1 . *  
LA, .a 
Particle size in millimeters 

0.01 0.001 

60 

m 

40 

30 

20 

10 

0 

60 70 80 90 100 110 
LIQUID LIMIT (LL) I 0 1 0 n 3 0 4 0  

AlTERBERG LIMITS 
Y LL n n S p C  

I 11.4 1 4 0 1  19 I 21 I 

I 

USCS: sc 1 REVIEW1 MB 

3 s  I Golder Associates Inc. 



ASTM D 698 & 1557 

PROJECT TITLE 
PROJECT NUMBER 
SAMPLE IDENTITY 
SAMPLE TYPE 

MOLD NUMBER 
MOLD WEIGHT (gm) 
MOLD DIAMETER (in) 
MOLD HEIGHT (in) 
MOLD VOLUME (cu.ft) 

Rocky Plats/Field &Lab TestingKO D4718 1 
043-2246.0001 

PP-5 DUP 1 I I 
BULK 1 

TYPE COMPACTOR PREPARATION METHOD A: 20K OR LESS RETAINED ON #4 VMechanieal] -1 

7 1  
METHOD B: > 20% RETAINED ON #4 AND 

20% OR LESS RETAINED ON 318 TYPE PROCTOR 

METHOD C > 20% RETAINED ON 318" AND 
< 30% RETAINED ON 314" 5 5  -1bf. RAMMER WITH 12 INCH DROP 

WATER CONTENT 

Wet Wt Tare & SOU 
Dry Wt Tare & SOU 
Wt Tare 
Wt Moisture 
Wt Dry Soil 
Water Content (dec) 
Water Content (YO) 

(WU 
(W2) 
(W3) 

(W4=Wl-W2) 
(Ws=WtW3) 
(wC=W4fwS) 

(W41wS)*100 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

TOTAL WEIGHT,WET (COARSE & FINE) 
TOTAL WEIGHT,DRY (COARSE& FINE) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 
WEIGHT RGTAINED ON 3/8" SIEVE (WET) 
WEIGHT RETAINED ON 314" SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 3/8" SIEVE (DRY) 
PERCENT RETAINED ON 3/4" SIEVE (DRY) 

1 I I I 1 5 I 6 I 7 POINT RESULTS (FINE) I 2 3 4 1 
Wt. SOU & Mold 
Weight of Mold 
Wt. Of Wet Soil 
Wet Density, wd (pcf) 

WATER CONTENTS 
Wt Tare & Soil 
Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry SOU 

Water Content (YO) 
Dry Density @cf) 

(W1) 4084.2 4195.2 4216.4 4264.4 4224.3 
(W2) 2265.00 2265.00 2265.00 2265.00 2265.00 

Dy3=WI-W2) 1819.20 1930.20 201 1.40 1999.40 1959.30 
(W31453.6Vm) 120.93 128.31 133.71 132.91 13024 

(W4) 608.70 619.31 612.87 617.89 607.36 
(WS) 564.88 567.90 554.51 553.19 537.89 
(W6) 102.14 100.28 101.59 100.18 103.17 

(W7=WQWS) 43.82 51.41 58.36 64.70 69.47 
(WS=WS-W6) 462.74 467.62 452.92 453.01 434.12 

11.0% I 12.9?? I 14.3% 1 16.0?? I I 
115.6 I 118.4 I 1163 I 112.3 I 1 

MAXIMUM DRY DENSITY @d) 
DPTIMUM MOISTURE CONTENT (Yo) 
Corrected Maximum Dry D e o s i t y w  
Corrected Optimum Moisture (YO) USCS 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (gm) 
Weight of Saturated-Surface-Dry e m )  
Weight of Saturated Sample in Water 
Absorption of Oversize Particles (YO) 

A I 504.07 I I 1 
I I 

[@-A)/A1*100 0.46 I I I 
Bulk Specific Gravity 2.465 I I 1 
4VERAGE ABSORPTION (assumed) 
4VERAGE BULK SPECIFIC GRAVITY (assumed) 

PI 

F$pj 
REVIEW 

Golder Associates 



MOISTURE / DRY DENSITY CURVE 

DESCRIPTION 

D698 METHODA 

Yellowish brown (10 YR 5/8) clayey sand 

145 

140 

135 

130 

125 

120 

- 115 

110 

E 105 
100 

s a 
E 
L 

95 

90 

85 

80 

75 I I I I I 1 I 

OYO 5% 10% 15% 20% 25% 30% 35% 

MOISTURE CONTENT "70 

MAXIMUM DRY DENSITY 6x0 1 18.4 I Comted Maximum Dry Density @cf) 122.3 
OPTIMUM MOISTURE (Yo) 12.8 I Comctcd Optimum Moistme (%) 11.1 

SAMPLE ID PF-5 Du 
SAMPLETYPE 

SAMPLE DEPTH 

I 

Rocky Platsmield & Lab TestinglCO 
043-2246.0001 

REVIEW 

3*3 Golder Associates 



wlWaSoi l&Tm(gm) 

Wt.hySoil&T.rs(gm) 

WL of Tm (gm) 

WL d w s u  &ln) 

w ~ o l ~ y s o i ~ ( g m )  
Dirmrr cmtcm (*A) 

0 

PLASTIC LIMIT DETERMINATION 

656.82 SAMPLE. ID: PF-6 
599.96 TYPE BULK 
104.75 
56.86 

495.21 
1 1.48 

umber of Blows 
‘eight o f  Wet Soil & 
‘eight of Dry Soil & 
‘eight of Tare (gm) 
‘eight of Water 
‘eight of Dry Soil (p 
‘ate1 Content Ye 

PLASTIC LIMIT (PL) 

P u s n c i w  INDEX (PI) m 
,LOWS MC 

35 42.93 3.56 25 
27 44.51 3.30 0.00 
17 48.30 2.83 -2 
0 0.00 #NUMI 

ATIOb 

LIQUID LIMIT (LL) m 

I 3  PolNTsl 
I 25.00 25.00 10.01 

ONE POlNT ATTERBERC 

we@ d w a  Sdl A TI. @ml 

w@ OrlhyW ATP. 0 
Weight of Tarc (gm) 
Weight of Water (p) 
Weight of Dry Soil (nu 
water content Y. 

PLASTIC LIMIT (PL) 
0 

0 
PLASllClTY INDEX (PI) 

I NON-PLASTIC 

PIASTIC LIMIT (PL) 
Erl 

LIQUID LIMIT (LL) 

E E I  

3 0 c f  Golder Associates I n c  



t 
MOMllAhDYEAR I 
PROJECT NAME 'I 

4 
SAMPLE ID: 7 
TYPE -1 

PROJECT MIMBER: 

LL TESTBY 
PL DATE SeT Up 
PI REVlEW BY 

17.91 

52.1 1 

WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

W ~ . d s M p k W a a D q ( g n )  -4 

*%Fins 

Colder Associates I n c  



. 

DESCRIPTION: 

uscs: 

043-2246.M 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME 
SAMPLE ID: PF-6 Depth (ft): 
TYPE: BULK 

Rocky FlatdField & Lab TestinglCO 

Yellowish brown (IO YR 518) clayey sand with 
gravel 

' 

sc I 

100 

90 

80 

Yo 70 

p 6 0  
a 

50 
S 

11 
40 

30 
g 

20 

0 
IO L. i 1 

. \  100 

Particle size in millimeters 
0.1 0.01 0.001 

cofnc Fin COUV MCdIlQ Fin I S i a -  

COBBLES GRAVEL I SAND FmEs i 
Particle si Particle si 

(mm) %Passing Classifidon Percentage 
i 

12.0" 1 304.8 I 100.0 

6.0" I 154.2 1 100.0 Cobbles 0.00 

bm) w i  
0.034 I 25.0 I I 

0 IO 20 30 40 6 60 70 0 90 100 110 

LIQUID LIMIT (LL) 

ATTERBERG LIMITS 
m. LL PL n S p C  

I 11.5 I 45 I 20 I 25 I 

REVIEW 

30 b Golder Associates Inc. 



. 

(wl) 
(WZ) 

(W3=WI-W2) 
(W3/453.6*Vm) 

01-m CURVES 
ASTM D 698 & 1557 

4078.5 4224.4 4287.2 4293.9 4283.1 
2265.80 2265.80 2265.80 2265.80 2265.80 
1812.70 1958.60 2021.40 2028. IO 2017.30 
120.50 130.20 134.37 134.82 134.10 

D 4718 I 
043-2246.0001 I 

METHOD A: 20% OR LESS RETAINED ON #4 PREPARATION 

PROJECT TITLE 
PROJECT NUMBER 
SAMPLE IDENTITY 
SAMPLE TYPE 

MOLD NUMBER 
MOLD WEIGHT (gm) 
MOLD DIAMETER (in) 
MOLD HEIGHT (in) 
MOLD VOLUME (cu.ft) 

TYPE COMPACTOR 

METHOD B: > 20% R E T A m D  ON #4 AND 
20% OR LESS RETAINED ON 3/8 

METHOD C > 20% RETAINED ON 318" AND 
5 5  4bf. RAMMER WITH 12 INCH DROP 30% RETAINED ON 3/4" 

A 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 

56.86 

Wet Wt Tare & SOU 
Dry Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 495.21 

0.1 148 
I 1.5% 

FRACTION SAMPLE 
TOTAL WEIGHT, WET (COARSE & FINE ) 
T0TALWEIGHT.DRY (COARSE&FINE) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 

656.82 

WEIGHT RETAINED ON 3/8" SIEVE (WET) 
WEIGHT RETAINED ON 314" SIEVE (WET) 

Water Content (dec) 
Water Content (YO) 

PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 3/8" SIEVE (DRY) 
PERCENT RETAINED ON 314" SIEVE (DRY) 

(W4) 

(W5) 
(W6) 

(W7=W4-WS) 
(WS=WS-W6) 

POINT RESULTS (FINE) 

719.66 75024 738.64 527.43 662.30 
670.73 686.65 671.13 476.83 587.82 
101.16 102.62 101.61 100.97 103.19 
48.93 63.59 67.51 50.60 74.48 
569.57 584.03 569.52 375.86 484.63 

Wt. SOU & Mold 
Weight of Mold 
Wt. Of Wet Soil 
Wet Density, wd 6x9 

WATER CONTENTS 
Wt Tare & Soil 
Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 

Water Content (YO) 
Dry Density @cf) 

10.9% I 11.9% I 13.5% I 15.4% I I 
117.4 I 120.1 1 118.8 I 116.2 I 1 

MAXIMUM DRY DENSITY @cf) 
OPTIMUM MOISTURE CONTENT (%) 
Corrected Maximum Dry Density @cf) 
Corrected Optimum Moisture (YO) 

gravel 

USCS 1-1 
Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (gm) 
Weight of SaturntedSurface-Dry (gm) 
Weight of Saturated Sample in Water 
Absorption of Oversize Particles (%) 

Bulk Specific Gravity A/(B-c)I 2.465 1 I 1 
AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) REVIEW 

3 O  7 
Golder Associates 



MOISTURE / DRY DENSITY CURVE 

USCS 

D698 METHODB 

I 
sc J 

MOISTURE CONTENT Yo 

MAXIMUM DRY DENSITY @cf) 120.3 I Corrected Maximum Dry Density @ct) 120.3 
OPTIMUM MOISTURE (%) 12.5 I Corrected Optimum Moishuc (%) 12.5 

SAMPLE ID PF-6 
SAMPLE TYPE BULK I 

SAMPLE DEPTH I I PI 

Yellowish brown (10 YR 9 8 )  clayey sand with gravel 

Rocky PlatslPield & Lab TestinglCO 
043-2246.0001 

REVIEW 

3 4  Golder Associates 



* 
ATTERBERG LIMITS 

AS RECEIVED WATER C o r n  PROJECTNAME Rocky FlatslField & Lab TestinglCO 
PROJECT NlJMBER: 043-2246.0001 
SAMPLE ID: PF-7 

TWN& 

TYPE BULK 
WL dTmo @In) 

WOrWnm) 

4 OR 3 POINT. ATTERBERG 

PLASnC LIMIT DETERMlNATlON 
&ofBbws 
reight of Wet Soil I 
reight of Dry Soil 8t 
'eight of Tam (PI) 
k~ght of Water (p) 
[eight of Dry Sod (PI 
rater Content 94 

PLASTIC LIMIT (PL) Ea 
PLASnCln INDEX (PI) 

)LOWS MC 
27 33.99 3.30 ' 25 
25 35.85 3.22 0.00 
16 38.52 2.77 -2 
0 0.00 #NUMI 

ATIOP 

LIQUID LIMIT (LL) 

Fcl 

13 POMTSI 
I 25.00 25.00 10.C 

33.991 38.52 35.17 35.1 
-2 40.00 35.17 

I ONE POINT ATTERBERC 

U 

-48 .. 

I NON-PLASTIC 1 

eight of Dry Soil (m . .  

LIQUID LIMITS 

. 'ti I\ 8 

PLASTIC LIMIT (PL) LIQUID LIMIT (LL) rn 
PLASTICITY INDEX (PI) 

Colder Associates I n c  



ASREREcElVEDWATwlcoNIE~ I HYDROMETER DATA ENTRY SHEET I 

.us #4 MATERW s- 
Tuc  wei@ VJ 

12.0. 

6.0’ 

3.0’ 

LL m B Y  

PL DATE SET UP 
PI REVIEW BY 

12.89 

63.26 

X PASSMO 

1110 

U20 

(140 

11100 

11200 

WEIGHT OF SAMPLE USED FOR HYDROMETER TESr 

Wt. dsrmpb W e  (I 

3l@ 
Colder Associates I n c  



. 043-2246.OOl 
PARTICLE SIZE DISTRIBUTION & A'ITERBERC LIMITS 

ASTM D421, D422, D4318 

PROJECT NAME 

TYPE: BULK 

Rocky Flatsmield & Lab TestingKO 
SAMPLE ID: PF-7 Depth (ft): 

100 

90 

80 

yo 70 

p 6 0  
a 

50 
S 

i 

g 
n 40 

30 

20 

10 

0 
100 10 1 0. I 0.01 0.001 

Particle size in millimeters 

PsrtiCkSix , Panicle s i  
Pmmuge 

0.00 

0.00 

12.89 
834 

30.05 

24.81 
(lull) %Finn 

0.035 19.4 
0.023 17.7 
0.01 3 17.2 Fine 

0.0092 163 Sit orclay 23.85 
0.0064 15.9 

15.4 
0.0014 13.7 

e 
w 0.0033 I" 

U s c s :  

PLASTICITY CHART 

0 10 20 30 40 4 60 70 80 90 100 110 
LIQUID LIMIT (LL) 

AlTERBERG LIMITS 
M. LL n spc 

I 135 I 35 I 18 I I7 I 

==,P DATE 7i1912oI 
R E W E W ~  MB 

31 I Golder Associates Inc. 



O I m D E R ? I " Y C T J 7  
ASTM D 698 & 1557 

Rocky PlatdPield &Lab TestingKO 
043-2246.0001 

PF-7 I I - 
PROJECT TITLE 
PROJECT NUMBER 
SAMPLE IDENTITY 
SAMPLE TYPE 

D 4718 I 
I 

MOLD NUMBER 
MOLD WEIGHT (gm) 
MOLD DLAMETER (in) 
MOLD HEIGHT (in) 
MOLD VOLUME (cuft) 

Wt. SOU & Mold (W1) 
Weight of Mold (W2) 
Wt. Of Wet Soil (W3=WI-W2) 
Wet Density, wd (pel) (W31453.6.Vm) 

4169.7 4256.5 4307.6 42803 4235.0 
2265.80 2265.80 2265.80 2265.80 2265.80 
1903.90 1990.70 2041.80 2014.50 196920 . 
126.56 13233 135.73 133.91 130.90 

WATER CONTENT 

(W4) 
WS) 
(W6) 

(W7=W4-W5) 
(WS=WS- W6) 

Wet Wt Tare & SOU 
Dry Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry SOU 
Water Content (dec) 
Water Content (YO) 

448.82 53022 572.48 449.13 519.70 
418.71 488.84 520. I 5 407.59 463.88 
100.42 103.49 102.37 102.96 102.26 
30.1 I 41.38 52.33 41.54 55.82 

3 18.29 385.35 417.78 304.63 361.62 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

TOTAL WEIGHT, WET ( COARSE & FlNE ) 
TOTAL WEIGHT. DRY ( COARSE & FINE 1 619.14 
WElGHT RETAINED ON # 4 SIEVE 
WElGHT RETAlNED ON 3/8" SlEVE (WET) 
WElGHT RETAINED ON 314" SlEVE WF3? 

10236 
69.75 
516.78 

PERCENT RETAINED ON # 4 SlEVE 
PERCENT RETAINED ON 3/8" SlEVE (DRYI 

(wc=W4/W5) 0.0227 0.1350 
iW4/W51*100 'rn 2.3% 13.5% 

1 I 
PERCENT RETAINED ON 314" SlEVE @RY) Io.00"/.1 

POINT RESULTS (FINE) 1 I I I I I I 7 1 2 3 4 5 6 I 

WATER CONTENTS 
Wt Tare & SOU 
Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 

Water Content (YO) 10.7% I 12.5% I 13.6% I 15.4% I 
Dry Density (pel) 119.5 I 120.6 1 117.8 I 113.4 I I I 
- 

MAXIMUM DRY DENSITY @cQ 
OPTIMUM MOISTURE CONTENT (%) 
Corrected Marlmum Dry Density@cfJ 
Corrected Optimum Moisture (YO) USCS 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 12748 

Weight of Oven Dry Sample em) 
Weight of SaturatedSurface-Dry (gm) 
Weight of Saturated Sample h Water 
Absorption of Oversize Particles (YO) 

Bulk Specinc Gravity N(B-c)I 2.465 I I I 
AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) 

EgI? 
REVIEW 

Golder Associates 



. I 

MOISTURE / DRY DENSITY CURVE 
D698 METHODA 

130 

125 

120 

115 

110 

105 

100 

95 

90 

85 

80 

75 
10% 15% 20% 35% 0% 5% 

MOISTURE CONTENT ‘Yo 

125.1 
12.0 I Comcted Optimum Moisturc (%) 10.3 

MAXIMUM DRY DENS~TY @cf) 121.1 I corned ~ a x i m u m  ~ r y  hosity@CO 
OPTIMUM MOISTURE (Yo) 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH 

USCS 

Rocky Flats/Field & Lab TestinglCO 
043-2246.0001 

REVIEW 

313 Golder Associates 



. * 
A’ITERBERG LIMITS 

WL Wa so0 & Tu8 @n) 765.57 
WL hysoil&Tam (gm) 679.38 
W ~ d T . r ~ ( g m )  102.55 
WI. olwpa &Ill) 86.19 
w+torxhyrsoil(gm) 576.83 
oiamc cornan Ph) 14.94 

SAMPLEID: PF-8 
TYPE BULK 

PLASTIC LIMIT DETERMINAl 

umber of Blows 
‘eight of Wet Soil & T 
‘eight of Dry Soil & TI 
‘eight of Tare (gm) 
reightofWater(gm) , 
reight ofthy Soil (PI 
ra1a contmt Yo 18.44 18.76 

I 1.12 

DON 

lp-p-pq 
37.90 40.10 42.18 

PLASTIC LlMlT (PL) 
IxEI 

PLASTICITY INDEX (PI) rn 
ILOWS MC 

35 37.90 3.56 25 
30 40.10 3.40 0.00 
21 42.18 3.04 -2 
0 0.00 #NUM! 

ATlOF 

LIQUID LIMIT (LL) 

I ONE POINT ATTERBERG 

u*ofBb- PLASTIC LIMITS LIQUID LIMITS 

PLASTIC LIMIT QL) LIQUID LIMIT (LL) 

0 0 

0 
PLASTlClTY INDEX (PI) 

I NON-PLASTIC 

PLASTIC LIMIT (PL) LIQUID LIMIT (LL) m m 
lzrl 

PLASTICITY INDEX (PI) 

Colder Associates Inc. 



86.19 
576.83 

PLUS a4 MATERW SDVE 

T u c  w* 

I BACK SDVE 

I 

( W L + T ~ )  RETAINED PASSING 
12.0- 

6.0' 

3.0' 

23- 

2.0- 

1.5- 

I .O' 

0.15- 

0.315- 

a4 
%PASSING 

1110 4.15 I 

1120 11.85 
(wo 19.15 39.39 49.9 
IMO 23.95 * 24.0 49.27 41.8 

11200 31.88 65.58 28.3 

a u l i p l b n  

USCS 

fbn 28.34 

17.65 

54.01 

WEIGHT OF SAMPLD USED FOR HYDROMETER TEST 
W r O r S q k  WaaDry(gm) 

7/16R004' 10:16 R f cc 
Q20 I 6.00 

31 5- ' Colder Associates I n c  
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0 

0 

043-2246.M aya4 
PARTICLE SIZE DlSTRlBUTlON & ATTERBERC LIMITS 

ASTM D421, D422, D4318 

PROJECT NAME 
SAMPLE ID: PP-8 Depth (A): 
TYPE BULK 

Rocky FlatslFleld & Lab TestingEO 

100 

90 

80 

Yo 70 

p 6 0  
a 

50 
S 

1 

g 
4O 

30 

20 

10 

0 
lo00 100 10 

] I l l  I J I I I  I I l l  I 
1 0.1 0.01 

Particle size in millimeters 
0.001 

PUciClC si PPrriele si 

20.1 . 
0.0032 
0.001 3 18.0 

PClCClltege 

0.00 

PClCClltege 

0.00 

0.00 

17.65 
7.03 

0.00 

17.65 
7.03 

25.41 

21.57 

- 

2834 

USCS: 

0 10 to 30 40 4 60 70 80 90 1 0 0 1 1 0  
LIQUID LIMIT (LL) 

AlTERBERG LIMITS. 
Y U. n n S p C  

r 14.9 I 41 I 19 I 22 I - 

DATE 7/15/2( 
REWEW~ NG 

Golder Associates Inc. 31 CQ 



I c 

0lSTmWDE-S 

Wt. Soil & Mold (W1) 
Weight of Mold (W2) 
Wt. Of Wet SOU (WJ=Wl-W2) 
Wet Density, wd (p9 (W3/453.6*Vm) 

ASTM D 698 & 1557 

4025.7 4181.1 4248.1 4254.7 4237.2 
227 1.50 227 1.50 2271.50 2271.50 2271.50 
1754.20 1909.60 1976.60 198320 1965.70 
116.24 126.54 I 130.98 131.41 130.25 

PROJECT TITLE 
PROJECT NUMBER 
SAMPLE IDENTITY 
SAMPLE TYPE 

. .  
(WS) 
(WQ 

(wt=W4-W5) 
(WS=WSWQ 

MOLD NUMBER 
MOLD WEIGHT e m )  
MOLD DIAMETER (in) 
MOLD HEIGHT (b) 
MOLD VOLUME (cu.ft) 

I 
656.51 650.42 580.68 564.04 569.73 
102.19 101.58 101.86 100.81 103.29 
49.41 57.55 57.28 64.52 70.50 
554.32 548.84 470.82 463.23 466.44 

Rocky FlaWPield & Lab Testing/CO D4718 
043-2246.0001 I 

I 

BULK 

2271.5 

4.575 
0.0333 

TYPE COMPACTOR PREPARATION 7 1  -1 
TYPE PROCTOR 

I suDd.rd 1 

5 5  4bf. RAMMER WITH 12 INCH DROP 

METHOD A: 20% OR LESS RETAINED ON #4 

METHOD B: > 20% RETAINED ON #4 AND 
20% OR LESS RETAINED ON JIB 

METHOD C 20% RETAINED ON 318" AND 
< 30% RETAINED ON 34"  

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 

Wet Wt Tare &SOU 
Dry Wt Tare & SOU 
Wt Tare 
Wt Moisture 
Wt Dry Soil 
Water Content (der) 
Water Content (?'a) 

FRACTION SAMPLE 
201.32 
193.36 
27.98 

165.38 

TOTAL WEIGHT, WET (COARSE & FINE) 
TOTAL WEIGHT, DRY (COARSE & FINE ) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 
WEIGHT RETAINED ON 318" SIEVE (WET) 

PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 318" SIEVE (DRY) 
PERCENT RETAINED ON 314" SIEVE (DRY) 

WEIGHT RETAINED ON 3/4" SIEVE (WET) 

WATER CONTENTS 
W t  Tare & SOU (W4) I 705.92 I 707.97 I 637.96 I 628.56 1 640.23 I I 1 
Wt Tare & Soil 
Wt Tare 
Wt Moisture 
W t  Dry Soil 

Water Content (YO) 10.5% I 12.0% I 13.9% I 15.1% I I 
Dry Density (pco 114.5 I 117.0 I 115.3 I 113.2 I I 
MAXIMUM DRY DENSITY @e0 

Corrected Maximum Dry Density@ef) 
O P T I M U M  MOISTURE CONTENT (Yo) 

Corrected Optimum Moisture (%) USCS 

Specine Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (gm) 
Weight of SaturatedSurface-Dry (gm) 

4bsorption of Oversize Particles (YO) [@-A)IAJ*100 MC (-1 Weight of Saturated Sample in Water (gm) 
LL PL w 
PI w 

Bulk Specific Gravity A/(B-C) 2.465 I I I 
TECH ID7 

bVERAGE ABSORPTION 
4VERAGE BULK SPECIFIC GRAVITY 

3'7 
Golder Associates 



. 
MOISTURE / DRY DENSITY CURVE 

DESCRIPTION 

D698 METHODB 

L 

Yellowish brown (10 YR 518) clayey sand with gravel 

MAXIMUM DRY DENSITY @cf) 1 17.2 I Corrected Maximum Dty Density@cfJ 1 17.9 
OPTIMUM MOISTURE (Yo) 12.2 I C o m d  Optimum Moisture (%) 11.9 

1-71 SAMPLE ID 
SAMF'LETYF'E 

SAMPLE DEPTH PI 

Rocky Flatsmield & Lab TestingICO 
043-2246.0001 

REVIEW 

31 8 Golder Associates 
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. . 

W L W U S ~ ~ ( L T ~ ~ O  836.00 
W ~ t h y S d l & T . r r ( g ~ ~ )  747.14 
WL ofTm @I) 101.30 
WL ofW.La (pl) 88.86 
w - d t h y w b )  645.84, 

OkmnCmtcmW) 13.76 

A"ERBERG LIMITS 

SAMPLE I D  PF-9 
TYPE BULK 

4 OR 3 POINT AITERBERG 

PLASnC LlMlT DETER 
umber of Blows 
leight of W d  Soil & 
lcight of Dry So11 & 
kight ofTarc (gm) 
leight of Water (gm) 
rclght of Dry Sol1 (em 
later content K 

PLASllC LIMIT (PL) 

l3cl 
PLASllClTY INDEX (PJ) 

DEI 

LOWS MC 
35 36.08 3.56 25 
24 38.53 3.18 0.00 
17 39.86 2.83 -2 
0 0.00 #NUMI 

LJQUD LJMJT (LL) 
lxcl 

13 POINTS1 
I 25.00 25.00 10.0 

36.081 39.86 38.00 38.0 
-2 40.00 38.00 

I ONE POINT ATTERBERC 

umberofBlovn PLASTJC LJMlTS 

dlhy S a l  & T m W  

I PLASTIC WMJT (PL) 
0 

WQUD WMJT (U) n 
PLASTICITY INDEX (PI) 

0 

3 v  

NUN-YLAS-IIC 

PLASTIC LIMIT (PL) 

lNpl 
PLASTICITY INDEX (PI) 

lNpl 

LIQUJD LIMIT (U) 

Colder Associates I n c  



8 

88.86 
645.84 

LUS 114 MATERW. SIEVE 
Tuc wtight -1 

12.0- 

6.0" 

3.0' 

25' 

2 0' 

15' 

I .0. 

0.75' 

0.375' 

a4 

1110 

1120 

I U O  

#200 

MORTHAhDYEAR 

PROJECTNAME 

PROJECT NUMBER: 

SAMPLE ID: 

TYPE 

LL 

PL 

PI 

12.85 
mMcImld 

24.92 

12.85 

62.23 

WEIGHT OF SAMPLE USED FOR HYDROMETERTEST 
Wl.dS.mpkWaathy(on)  

0.035 18.75 
0.023 16.62 
0.013 16.62 

Colder Associates I n c  3 3.d 



043-2246.0001 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME: 

TYPE BULK 

Rocky FlatslPield & Lab TestinglCO 
SAMPLE ID. PF-9 Depth (e): 

100 

90 

80 

% 70 

p 60 
a 

50 
S 
i 

g 
n 40 

30 

20 

10 

0 
1000 100 10 

(4 110 no uo 160 1100 1200 

-:,os 1 0.1 

Particle size In millimeten 

0.01 0.001 

P&lc s i  Particle s i  

(mrr) KFim 

0.035 188 
0.023 16.6 
0.013 16.6 F W  

0.0092 16.2 Silt orclay 24.92 
0.0064 153 
0.0033 14.9 
0.0014 13.0 

uscs: 

PLASTICITY CHART 

ATTERBERG LIMITS 
M. U PL PI spc 

1 13.8 I 38 I 18 I 20 I I 

 REVIEW^ MB 

3 h /  Golder Associates Inc. 



a 

a 

(WI) 
Weight of Mold (W2) 

(W3=WI-W2) 
Net Density, wd 6x9 (W3/453.6*Vm) 

Wt.SoU& Mold 

Nt. Of Wet SOU 

ASTM D 698 & 1557 

4151.7 42533 4315.8 4294.8 4260.4 
2265.80 2265.80 2265.80 2265.80 2265.80 
1885.90 1987.50 2050.00 2029.00 1994.60 
125.36 132.12 136.27 134.88 132.59 

D4718 I 
I 

PREPARATION METHOD A: 20% OR LESS RETAINED ON #4 

ROJECT TITLE 
ROJECT NUMBER 
AMPLE I D E N m n  
AMPLE TYPE 

!OLD VOLUME (cu.ft) 

[OLD NUMBER 
IOLD WEIGHT (gm) 
lOLD DIAMETER (in) 
IOLD HEIGHT (in) 

7 1  
METHOD B: > 20% RETAINED ON #4 AND 

20% OR LESS RETAINED ON 318' TYPE PROCTOR 

METHOD C > 20% RETAINED ON 318" AND 
< 3OVe RETAINED ON 3/4" 5 5  4bf. RAMMER WITH 12 INCH DROP 

(W4) 
(WS) 
(Wa) 

(w8=WS-W6) 
(W7=W4-WS) 

Vet Wt Tare & SOU 
b r y  Wt Tare & SOU 
Y t  Tare 
Vt  Moisture 
Yt Dry Soil 
water Content (dw) 
water Content (Yo) 

469.40 615.07 610.13 490.54 48721 
439.34 565.63 555.65 444.01 437.71 
104.80 102.26 102.55 100.64 10034 

334.54 463.37 453.10 34337 33737 
30.06 49.44 54.48 46.53 49.50 

FRACTION SAMPLE 
108.14 
107.10 

85.30 
0.0122 

12% 

Weight of Oven Dry Sample (gm) A 
Weight of Saturated4ufiaceDry (gm) B 
Weight of Saturated Sample in Water (gm) C 
Absorption of Oversize Particles (YO) [(BA)/A]*lOo 

VATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 

TOTAL WEIGHT, WET ( COARSE & 
TOTAL WEIGHT, DRY ( COARSE & 
WEIGHT RETAMED ON # 4 SIEVE 
WEIGHT RETAINED ON 318" SIEVE (WET) 
WEIGHT RETAINED ON 3/4" SIEVE (WET) 

PERCENT RETAINED ON # 4 SIEVE 
PERCENT RETAINED ON 318" SIEVE 
PERCENT RETAINED ON 3/4" SIEVE 

PI 

504.07 
506.40 
301.90 
0.46 

WATER CONTENTS 
Wt Tare & SOU 
Wt Tare & SOU 
Wt Tare 
Wt Moisture 
Wt Dry SOU 

10.7% I 12.0% I 13.6% I 14.7Yo I 
119.4 I 121.6 I 118.8 I 115.6 I 

Water Content (Y) I 
Dry Density @eo 1 
MAXIMUM DRY DENSITY @C9 
OPTIMUM MOISTURE CONTENT (Yo) 
Corrected Madmum Dry Density@c9 
Corrected Optimum Moisture (Yo) USCS 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Bulk Specinc Gravity A'(B-c) 2.465 I I I 
AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) 

TECH 

REVIEW 

323- 
Golder Associates 



. a 

MOISTURE / DRY DENSITY CURVE 
D698 METHODA 

DESCRIPTION 

MAXIMUM DRY DENSITY @cf) 12 1.6 I Comcted Maximum Dry Density 6x0 125.1 
OPTIMUM MOISTURE (%) 12.0 I Comcted Optimum Moisture PA) 10.4 

Yellowish brown (10 YR 5/8) clayey sand 

SAMPLE ID 
SAMPLETYPE 

SAMPLE DEPTH 

Rocky FlstdField & Lab TestinglCO 
043-2246.0001 

PI 

323 Golder Associates 



.. a 

ATTERBERG LIMITS 

AS RE(EIvED WATER CONTENT PROJECT NAME Rocky Flats/Field & Lab TestingKO 
TOENO. PROJECT NUMBER: 043-2246.0001 

SAMPLEID: PF- 10 
WLDlyWaTOEW TYPE BULK 

WLdW.lE@n)  81.10 
WeigkldDIysoil(gm) 547.53 
M o m  CadEd 00 14.81 

t WL d T m ~  @n) - 

4 OR 3 POINT ATTERBERG 

PLASTlC LIMIT DETERMINATION 

umber of Blows 
reight of Wet Soil & 
(eight of Dry Soil & T 
lcight o f T m  (gm) 
kight of Water (p) 
leighc of Dry Soil (gm 
later cantent K 

PLASTIC LIMIT (PL) 

PLASTICITY INDEX (PI) 

)LOWS MC 
32 41.07 3.47 25 
23 44.28 3.14 0.00 
16 45.90 2.77 -2 
0 0.00 MUM! 

LIQUID LIMIT (LL) m 

13 POINTSi 
I 25.00 25.00 10.0 

41.071 :;:; 43.10 43.11 
-2 43.10 

I ONE POINT ATTERBERG I 

PLASTIC LIMIT (PL) 

0 

LIQUID LIMITS 

LIQUID LIMIT (LL) n 

I NON-PLASTIC 

'LIMITS 

Weight of Tarc (p) 
Weight of Water (PI) 
Weight of Dry Soil (p I 

PLASTIC WMlT (PL) 

lNpl 
LIQUID LIMIT (LL) 

Drl 

32 Y Colder Associates I n c  



D ,-. . .- 
BACK SlEn #IO 

azo 
1 u O  

IMO 

niw 
nzw 

PROJECT NUMBER. 

SAMPLE ID: 
TYPE 

u TEST BY 
PL DATE SET UP 
PI REVlEW BY 

mbbba 
crmegranl 0.00 
r m m  Fl 17.34 

b . . o d  24.10 

rmcs 28.52 

c r * n c d  

r m d  21.13 54.15 

WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

Wi. ds+aole W a  OT Dry-) 

32S Golder Associates I n c  



100 

90 

80 

% 70 

p 6 0  
8 

S 

S 
50 

i 

g 
o 40 

30 

20 

IO 

0 

CMC Fm I CMC M d m  I FinC I S i h W C b Y  

043-2246.0001 
PARTICLE SIZE DISTRIBUTION & A'ITERBERG LIMITS 

ASTM D421, D422, D4318 

PROJECT NAME 

TYPE BULK 

Rocky FlatslField & Lab TestingKO 
SAMPLE ID: PP10 Depth (fi): 

IO00 100 IO 1 1 0.1 0.01 0.001 \' 
Particle size in millimeters 

(4 wka 
0.035 1 24.8 I I 

/ I  PLASTICITY CHART 

I 0 10 20 30 40 SO 60 70 8 90 100 110 

W Q m  (LL) 

I 0.022 I 23.1 

0.0064 la9 
0.0032 18.0 
0.0014 16.8 

ATTERBERG LIMITS 

i 14.8 I 43 I 18 I 25 I 1 
Y U. n n S p C  

DESCRIPTION: Yellowish brown (10 YR 5/8) cbyey sand with 
gravel 

uscs: sc 1 REVIEW 

Golder Associates Inc. 3x4 



(I 

a 

a 

(WI) 
(W2) 

(WJ=WI-W2) 
(W314536Wm) 

ASTM D 698 & 1557 

4039.4 4136.7 4240.6 4243.1 4216.1 
2265.00 2265.00 2265.00 2265.00 2265.00 
1774.40 1871.70 1975.60 1978.10 1951.10 
117.95 124.42 13133 131.49 129.70 

’ROJECT TITLE 
’ROJECT NUMBER 
;AMPLE IDENTITY 
;AMPLE TYPE 

Wt Tare & SOU (W4) 679.64 620.58 634.98 615.78 67 1.62 
W t  Tare & SOU (WS) 626.89 566.98 573.43 550.55 592.60 
Wt Tare (W6) 103.88 100.42 10125 103.12 102.16 
Wt Moisture (W7=WCW5) 52.75 53.60 61.55 65.23 79.02 
Wt Dry SOU (WS=WS-W6) 523.01 466.56 472. I 8 447.43 490.44 - 

HOLD NUMBER 
HOLD WEIGHT e m )  
HOLD DIAMETER (in) 
HOLD HEIGHT (in) 
HOLD VOLUME (cu.ft) 

Rocky FlatslFleld & Lab TesIinglCO D 4718 I 
043-2246.0001 I 

PF-IO I .- I 
BULK I 

TYPE COMPACTOR PREPARATION METHOD A: 20%0 OR LESS RETAWED ON #4 
p z z q  LW.tM”hodl 

2265.0 METHOD 9: > 20% RETAINED ON #4 AND 
TYPE PROCTOR 20% OR LESS RETAINED ON 3/8 

4.581 7 1  
0.0332 METHOD C > 20% RETAINED ON 318” AND 

5 5  4bf. RAMMER WITH 12 INCH DROP < 30%’ RETAINED ON 314” 

WATER CONTENT 

Wet Wt Tare & SOU 
Dry W,t Tare & SOU 
Wt Tare 
Wt Moisture 
Wt Dry SOU ’ 

Water Content (dec) 
Water Content (%) 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

TOTAL WEIGHT, WET (COARSE & FINE ) 
TOTAL WEIGHT, DRY ( COARSE & FINE ) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 
WEIGHT RETAINED ON 38”  SIEVE (WET) 
WEIGHT RETAINED ON 3/4” SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 3/8” SIEVE (DRY) 
PERCENT RETAINED ON 314” SIEVE (DR* 

67.73 
13.80 

53.93 
0.0282 
2.8% 

POINT RESULTS (PINE) 1 2 3 4 5 6 7 1 I I I I I I 1 
Wt. SOU & Mold 
Weigbt of Mold 
Wt. Of Wet SOU 
Wet Density, wd @e9 

Water Content (YO) (W7/W8)’100 
Dry Density (pc9 (w~(1+wc)) 

10.1% I 11.5% I 13.0% I 14.6% I 16.1% I I 
107.1 I 111.6 I 116.2 I 114.8 I 111.7 I I 

MAXIMUM DRY DENSIW @cf) 
OPTIMUM MOISTURE CONTENT (Yo) 
Corrected Maximum Dry Density(pc9 
Corrected Optimum Moisture (YO) 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

gravel 

uses 

Weight of Oven Dry Sample (gm) 
Weigbt of SaturatedSurface-Dry em) 

Absorption of Overslze Particles (%) 
Weight of Saturated Sample in Water e m )  

I@-AYAl*lOO 

Bulk Specific Gravity A/(&c) 2.465 I I I 
AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) 

LL PL RFl 
MC 1-1 

E G p j  
REVIEW 

337 
Golder Associates 



. I l  I 

80 

75 - 

MOISTURE / DRY DENSITY CURVE 

DESCRIPTION 

D698 METHODA 

Yellowish brown (10 YR 5B) clayey sand with gravel 

MAXIMUM DRY DENSITY @cf) 1 16.4 I Comcted Maximum Dry Density @cf) 122.1 
OPTMUM MOISTURE (%) 13.5 I Corrected Optimum Mohturc PA) 11.0 

Rocky Flats/Field & Lab TestingICO 
043-2246.0001 

LLI- 43 1 
PLI 18 I 

MC pll+l 

.32 8 Golder Associates 

I. 



Golder Assoclubs Inc. 
44 Union Boulevard. Suite 300 
Lakewood, CO USA 80228 
Telephone (303) 980-0540 
Fax (303) 985-2080 
www.golder.com 

TRANSMlTTALLETI'ER 

TO: S.M. Stoller Corporation 
990 S. Public Rd., Suite A 
Lafayette, Colorado 80226 

Attention: Steve Brinkman 

SENT VIA: Federal Express @rionQ) 

DATE: 043-2246 

PROJECT NO.: September 2,2004 

1 Set Consolidation and Triaxial Test Results 

. 

REMARKS: Please find one set of consolidation and triaxial test results for the cushion stockpile at 
Rocky Flats. 

Per MarkMcClain 



GEOTECHNICAL LABORAT$IRY SAMPLE TEST REQUEST 

TED: SAMPLED BY: ii = Requested Test cb 
PROJECT NAME (SHORT TITLE): . PROJECT NUMBER: 

DATE SUBMl 

SAMPLE TYPE 

0 -Tube 
(CR)-Cora 

(8) - weal Buckel 

(J) - Jar 

(b) - bag TEST f 2 

0 (0) - Other 0 

c 
i 
s 

TEST METHOD Z 
I 0 

SAMPLE #/Time Collected 

t I .  I 



. .  . .  

0 
ONE-DIMENSIONAL CONSOLIDATION 

ASTM D 2435 / 

ZOCKY FLATS/FIELD & LAB TEST/CO SAMPLE: PF-1 DATE 8/4/2004 
)43-2246-0001 TECH NG 

REVIEW EO 
SAMPLE DATA, GENERAL SAMPLE DATA, INITLAL SAMPLE DATA, FINAL 

height (in) 
diameter (in) 
area (iP2) 
volume (in"3) 
specimen weight,wet (g) 
specimen weight& (g) 
water weight (g) 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (pd) 
moist density (pd) 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 

moist density 
dry density (Pd) 

MOISTURE CO MOISTURE CONTENT, 

I C O ~ ~ O F  DRALNAGE PATH hlW DSO S O  Smpk vom DRAINAGE PATH 
PResSURE Sample sample Dauity RATIO (DOUBLE DRAINAGE) (DOUBLE DRAINAOE) CONSOLIDATION cc 

0.r) Height Hcisht (Pcf) C H (in) H(an) H " 2 ( i i )  H A 2 ( ~ )  Cv(CmnV=) (frmday) 
0.25 0.9953 - 115.6 0.442 - - - 
0.50 0.9934 - - 115.8 0.439 - 
0.50 0.9934 - 115.8 0.439 - - - 
I .o 0.9917 0.9920 0.197 116.0 0.437 0.4960 1.2598 0.2460 1,5872 2.64E-02 2.46EWO 0.008 
2.0 0.9862 0.9871 0.227 I 16.6 0.429 0.4935 1.2536 0.2436 1.5715 2.27E-02 2.12EMO 0.026 
4.0 0.9766 0.9783 0.204 117.8 0.415 0.4892 1.2425 0.2393 1.5438 2.49E-02 2.32EMO 0.046 
8.0 0.9529 0.9564 0.209 120.7 0.380 0.4782 1.2146 0.2287 1,4752 2.31E-02 2.16Ei-00 0.114 

c 
-WOOD, COlLoRADO 



.. ._ _.. ._. . . - .. . . - _.--_..- - . .. . . .. . . 

DATE 
TECH ROCKY J?LATS/FIELD & LAB TEST/CO 

043-2246-0001 REVIEW 

0 

0 

8/4/200 
NG 
EO 

ONE-DIMENSIONAL CONSOLIDATION 

0.45 

0.44 

0.43 

0.42 

cc 
2 0.41 

0.40 

039 

0.38 

037 
0.1 1 

PRESSURE 0 
10 

DESCRIPTION 

SAMPLE #: 

333- 



.. ,, . .  . . . .  ...' . .  

0.44 

I 

0 
1 

ONE-DIMENSIONAL CONSOLIDATION 

TECH 
REVIEW 

ROCKY FLATS/FIELD & LAB TEST/CO NG 
EO 

0.43 

0.42 

039 

0.38 

037 
1 

Cv (ftWday) 

SAMPLE #: 
IPF-l 

10 

DESCRIPTION: 

DATE1 8/4/200 

333 



0 

COEpm(5IENT OF 
CONSOLIDATLON 

cv (WnWsCc) (ftWdq) - - - - 
2.39E-02 2.23E4-00 
2.173-02 2.03E4-00 
1.96E-02 1.83EMO 
2.38E-02 2.22E4-00 

ONEDIMENSIONAL t ONSOLIDATION 

CC 

0.013 
0.030 
0.036 
0.044 

ASTM D 2435 
SAMPLE: PF-2 DATE 8/4l2004 ZOCKY FLATS/FIELD & LAB TEST/CO 

143-2246-0001 TECH NG 
REVIEW JEO 

SAMPLE DATA, GENERAL SAMPLE DATA, INITIAL SAMPLE DATA, FINAL 

DKAGEPATH 
(DOUBIEDRAINAGE) 

.- H(h] . I ~ H ( i i )  

--- ...- VOID 

. .. . . - - 

'height (in) 
diameter (in) 
area (inu) 
volume (in"3) 
specimen we@t,wet (g) 
Sp=h=wWtYW (g) 
water weight (g) 

DRAINAGEPATH 
(DOUBIEDRAINAGE) 

HIL(in"2) I HT(em'2) - I - 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 

moist density (pcf) 
dry density @cf) 

DSO 

Height 
Sample 

- - 
0.9892 
0.9836 
0.9763 
0.9672 

total height (in) 
height of solids (i) 
height of voids (in) 
void ratio 

moist density (pcf) 
dry density (Pcf) 

tso 

TIMB(min) 

- 
- 

0.21 7 
0.236 
0.257 
0.208 

DESCRIPTION MOISTURE CONTENT, INIThU MOJSTURE CONTENT, FINAL 

wt soil&tareJlloist 

- 
0.4946 
0.4918 
0.4882 
0.4836 

I .  

PRBSSURB 

0.500 
0.500 
1 .o 
2.0 
4.0 
8.0 

x5mmi 
AKEWO( 

- - - - - 
i.2563 0.246 1.5782 

' 1.2492 0.2419 1.5604 
I ;2400 0.2383 1 S375 
1.2284' 0.2339 1.5089 

. . -  

- 
NO0 

Smple 
Hsight 

0.9916 
0.9913 
0.9886 
0.9825 
0.9751 
0.9660 

-mm- 

1, COLORADO 

- 
srrmple 
DCMity * 
116.0 
116.0 
116.3 
117.1 
118.0 
119.1 

RATIO -. - e  :% 

--Em- 
0.453 
0.452 

.0.448 
0.439 
0.428 
0.415 , 

,. . 

....-..-.-... .. . . .  : .,.ut,: 
I .  :. 



, . _ . _  ~ _ .  . ....... - . . .  

DATE 
TECH ROCKY FLATSEIELD & LAB TESTKO 

0 

8/4/20( 
NG 

': 

. .  . .  
. . _  . 

. .. 
. .  

ONE-DIMENSIONAL CONSOLIDA'IION 

DESCRIPTION: 

SAMPLE #: 

lclayey sand I 

-. 

. .  
. .  . .  

. . . .  

. .  



. .  . . . . . ._ . . . . . _  . ........ .. . , . . . .. . 

0 

0 

0 

043-2246-0001 
GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 

ONEDIMENSIONAL CONSOLIDATION 

0.45 

0.44 

8 
20.43 

0 + 
a 

0.42 

L 

1 
Cv (fth2/day) 

SAMPLE #: p - 2  I 
DESCRIPTION: 

10 

ROCKY FLATS/FIELD & LAB TEST/CO 



1 

DATE 
TECH 

REVEW 

tOCKY FLATS/FIELD & LAB TESTICO SAMPLE: PF-3 
143-2246-0001 

0 

8/4/2004 
NG 
JEO 

0 

5841 
5711 
S489 
,5207 

ONE-DIMENSIONAL CONSOLIDATION 

2.59E-02 2.41Ei-00 
2.28E-02 2.13E+OO 
2.06E-02 1.92Ei-00 
2.34E-02 2.19EMO 

height (in) 
diameter (in) 
area (in"2) 
volume (in"3) 
specirni weightwet (g> 
specimen weightdry (g) 
water weight (g) 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio void ratio 
d r y d e n s i t y 0  . dry density (pd) 
moist density (pd) 

total height (in) 
height of solids (in) 
height of voids (in) 

moist density (pd) 

MOISTURE CONT MOISTURE CONTENT, 

wt soil&tare,moist wt soil&tare,moist 

PRESSURB 

-4% 
0.50 
0.50 
1 .o 
2.0 
4.0 
8.0 

;uLDEK, 

HeiSht 
0.9976 

0.9916 
0.99 1 8 
0.9908 
0.9863 

' 0.9696 
0.9788 

H@t - - 
- 

0.9910 
0.9870 
0.9800 
0.97 1 0 

AKEWOOD, COLORADO 

- 

0.201 I 
0.2262 
0.2470 
0.2131 

sample I VOID I DRAINAOB PATH j RA; I "9"" 
H (in) 

115.8 
115.8 
115.9 
116.4 
117.3 
118.4 

0.439 
0.439 
0.438 
0.43 1 
0.420 
0.407 

- 
0.4955 
0.4935 
0.4900 
0.4855 

W A G E )  
H (W - 

1.2586 
1.2534 
I .2446 
1.2332 

DRAINAOB PATH I 
CC 

- 
-. 

0.2455 
0.2435 
0.240 1 
0.2357 

0.005 
0.022 
0.036 
0.044 

.. . 
I .  



I. 

ONEDIMENSIONAL CONSOLIDATION 

043-2246-0001 REVIEW( JEO 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 

0.45 

0.44 

0.42 

0.41 

0.40 
0.1 

SAMPLE #: 

1 
PRESSURE Wf) 

lclayey sand with gravel I 

ROCKY FLATSIFIELD & LAB TESTICO 

I 

10 

33% 



' , . , , , . .. . , . , . , , . . . . . . . , . .- .. . .. .. .. . _. . . - , . . . . . . . . . . . . . . ., . . . . .. . . . , . . , 

DESCRIPTION: 

ONE-DIMENSIONAL CONSOLIDATION 

- 
Yellowish brown (10 YR 5/8) 
clayey sand with gravel 

0.44 

0.44 

0.43 

0.42 

0.41 

0.41 
1 

3AMPLEk 

10 
Cv (ftA2/day) 

ROCKY FLATS/FIELD & LAB TESTICO 
043-2246-0001 REVIEW( EO 

GOLDER ASSOCIATES INC. 
LAKEWOOD, C0IA)RADO 

337 



0 . A  

0 
ONE-DIMENSIONAL CONSOLIDATION 

ASTM D 2435 1 

SAMPLE: (PF-4 DATE1 8/4/2004 I .OCKY F'LATS/FIELD & LAB TESTKO I 
I 43-2246-0001 u TECH NG 

REVIEW JEO 
SAMPLE DATA, GENERAL SAMPLE DATA, INlTIAL SAMPLE DATA, FINAL 

height (in) total height (in) 
diame-ter (in) 
area (inA2) 
volume (inA3) void ratio 

specimen weighcdry (s) moist density 
water weight (g) 

height of solids (in) 
height of voids (in) 

specimen weighcwet (s) dry density (pd) 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (pd) 
moist density (pct) 

DESCRIPTION MOISTURE CONTENT, INITLAL MOISTURE CONTENT, FINAL 

,&EWOOD, COLORADO 

DSO 150 

Smpk =(e) 
HcigM - - - 

0.9906 0.2544 
0.9836 0.1999 
0.9736 0.2905 
0.960 1 0.1989 

- 
-Pk 
Density * 
117.4 
117.4 
1 17.7 
118.6 
119.8 
121.6 

VOID I DFWNAGE PATH 
RATIO * 
0.420 
0.419 
0.416 
0.405 
0.390 
0.370 

0.4953 1.258 I 
0.4918 1.2492 
0.4868 1.2364 
0.4801 1.2194 

I COEFFlclpFT OF DFWNAOE PATH 
(DOUBLE 

HA2 ( i )  - 
- 

0.2453 
0.2419 
0.2369 
0.2305 

- - - - 
1.5828 2.04E-02 
1.5605 2.56E-02 
1.5287 1.73E-02 
1.4868 2.45E-02 

)ATION 
WUhY) 

- - 
1.91E+OO 
2.39EMO 
1.61EMO 
2.29EMO 

CC 

0.010 
0.036 
0.049 
0.067 



.. . 

ROCKY FLATS/FJELD & LAB TESTKO TECH 

0.43 

NG 

0.42 

0.41 

0.40 

0.38 

037 

036 

035 
0.1 

SAMPLE #: 

ONE-DIMENSIONAL CONSOLIDATION 

\ 

1 
PRESSURE 0 

1pf4 

10 100 

DESCRIPTION: Yellowish brown (10 YR 5/8) Y I  
DATE- 



0 

0 

ONE-DIMENSIONAL CONSOLIDATION 

0.42 

0.41 

0.40 

s 

fl 

w 
20.39 

9 

0.38 

0.37 

0.36 
1 

t 

2- 

Cv (ft^Uday) 

1 ~ ~ 3 - 4  
SAMPLE #: 

DESCRIPTION: 

ROCKY FLATS/FIELD & LAB TESTICO 

10 

TECH 
REvrEwl EO 043-2246-0001 

GOLDER ASSOCUTES INC. 
LAKEWOOD, COLORADO 

. .  3w- 



0 

I 143-2246-0001 u TECH 
REVIEW 

ONE-DIlVENSIONAL CONSOLIDATION 

NG 
JEO 

ASTM D 2435 - 
ZOCKY FLATS/FIELD & LAB TEST/CO I SAMPLE: JPF-5 I DATE1 8/12/2004 

hi00 

HdgM 
0.9957 
0.993 1 
0.9926 
0.9903 
0.9836 
0.9733 
0.9588 

DSO 
sample 
Hd$t - 

- 
0.9909 
0.9846 
0.9747 
0.9609 

height (in) 
diameter (in) 
area (i1P2) 
volume (inA3) 

GO 
=(d) 

0.421 
0.210 
0.222 
0.180 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (PCO 
moist density (pd) 

sample VOID 
Density RATIO 
(Pel) e 
117.0 0.424 
117.3 0.420 
1 17.4 0.4 19 
117.7 0.416 
118.5 0.406 
1 19.7 0.392 
121.5 0.371 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (pd) 
moist density (pd) 

DEScRIpTlON MOISTURE CONTENT, h'ITIAL MOISTURE CONTENT, FINAL 

wt soil&tare,moist wt soil&tare,moist 

PRESSURE 

+%- 
0.500 
0.500 

1 .o 
2.0 
4.0 
8.0 

;oLDERI 
AKEWOOD, COLORADO 

DRAINAGE PATH DRAINAOE PATH I 
(DOUBLE 
H - - - 

0.4954 
0.4923 
0.4874 
0.4804 

- - 
1.2584 
1.2505 
1.2379 
1.2203 

- 
- 

0.2455 
0.2424 
0.2375 
0.2308 

- 
1.5836 
1 S638 
1.5325 
1.4892 

COEFFICIENT OF 
CONSOLIDATION 

~(cm^Usec) 1 (frUday) 

- 
1.24E-02 
2.44E-02 
2.27E-02 
2.71E-02 

- 
- 

. -  

1. MEMO 
2.28EMO 
2.1 2.53EMO 1EMO 

CC 

0.011 
0.032 
0.049 
0.069 



ONE-DIMENSIONAL CONSOLIDATION 

ROCKY FLATS/FIELD & LAB TESTKO TECH 

0.43 

NG 

0.42 

0.41 

0.40 

0 3 8  

037 

036 

0.35 
1 10 0.1 

PRESSURE (ksfJ 
100 

SAMPLE #: 

(clayey sand with gravel (SC) 1 
DATE- 



~. .- . .. 

1 
Cv (ftA2/day) 

i 

SAMPLE#: I PF-5 

DESCRIPTION: 

10 

ROCKY FLATS/FIELD & LAB TESTICO 
043-2246-0001 REVIEW( JEO 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



0 
LOCKY F'LATS/FIF,LD & LAB TEST/CO SAMPLE: PF-5 DUP DATE 
43-2246-0001 TECH 

REVIEW 

0 
8/12/2004 

NG 
JEO 

VOID 
RATIO 

e 
0.440 

height (in) 
diameter (in) 
area (in"2) 
volume ( i 3 )  
specimen weight,wet (g) 
specimen weight& (g) 
water weight (g) 

DRAINAGE PATH 
(DOUBLE DRAINAOE) 
H (in) H (an) - 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (pd) 
moist density (pd) 

DSO 

Height 
Ssmpk 

- - 
0.9854 
0.9790 
0.9694 
0.9529 

total height (in) 
height of solids (in) ' 

height of voids (in) 
void ratio 

moist density (pd) 
dry density 0 

6 0  

'IIMB ( d l  

0.21 8 
0.227 
0.214 
0.327 

DESCRIPTION MOISTURE CONTENT, INITIAL MOI- CONTENT, FINAL 

wt soil&tare,moist wt soil&tare,moist 
wt soil&tare,diy 

wt moisture 

. 0.434 - 
0.433 - 
0.429 0.4927 
0.419 0.4895 
0.404 0.4847 
0.378 0.4765 

0.500 0.9885 
0.500 0.9876 

0.9849 
0.9780 

4.0 0.9678 
8.0 0.9495 

- 
1.2514 
1.2434 
1.2312 
1.2102 

I 
-WOOD, COLORADO 

- 
Sampk 
Density 
(pc9 

715.7 
116.1 
116.3 
1 16.6 
117.4 
118.6 
120.9 

- 

I COEFFICIENT OF DRAINAOE PATH 
@OUBLE 

H 9  (in"2) - - - 
0.2427 
0.2396 
0.2350 
0.2270 

- 
1 S660 
1.5460 
1.5158 
1.4646 

- - 
2.35E-02 
2.24E-02 
2.33E-02 
1.47E-02 

)ATION 
(fr2@Y) 

2.2OEMO 
2.09E+OO 
2.17Ei.00 
1.3 7EMO 

CC 

0.0 13 
0.033 
0.049 
0.088 



, . .._..___. ..~. ~ .... . . . . . .. . . . . . . . . . . . . 

ONE-DIMENSIONAL CONSOLIDATION 

0.1 1 
PRESSURE 

SAMPLE #: IpF-5 Dup 
DESCRIPTION: IYellowish brown (10 YR 5/8) I 

I 

(clayey sand (SC) I 

ROCKY FLATS/FIELD & LAB TESTICO 

10 100 

TECH 
REVIEwl 'EO 043-2246-0001 _ _  ~ I 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



. .  . 

ONEDIMENSIONAL CONSOLIDATION 

ROCKY FLATS/FIEIl) & LAB TEST/CO 

CV (ftA2/day) 1 

3AMPLEk 

DESCRIPTION: 

TECH 
043-2246-0001 REvIEwl JEO 

GOLDER M O C I A T H  INC. 
LAKEWOOD, COLORADO 



10- FLATS/F'IELD & LAB TESTICO SAMPLE: PF-6 DATE 
)43-22464001 TECH 

REVIEW 

81412004 
NG 
JEO 

(DOUBLE DRAINAGE) 
H(h) I H(m)  

-2474 
,2398 
-2262 
,1995 

(DOUBLE 
H%!(in"2) - - 
0.2412 
0.2383 
0.2331 
0.2230 

c v ( d = )  

- 
2.01E-02 
2.84E-02 
2.20E-02 
1.06E-02 

(ftr/day) - - 
1.87EMO 
2.65EMO 
2.05EMO 
9.92E-01 

0 0 
ONEDIMENSIONAL CONSOLIDATION 

SAMPLE DATA, GENERAL SAMPLE DATA, INITIAL SAMPLE aATA, FINAL 

total height (in) 
height of solids (in) 
height of voids (ii) 
void ratio 
dv density 0 
moist density (pd) 

height (in) 
diameter (in) 
area (in"2) 
volume (in"3) 
specimen weight,wet cg) 

3 specimen wei&t,dry (g) 
water weight (g) 

total height (in) 
height of solids (in) 
height of voids (in) 

. voidratio 
dry density (pd) 
moist density (pd) 

MOISTURE CONTENT, INITIAL 
tare#.  rn MOISTURE CONTENT, FINAL 

tare# 
wt soil&tare,moist 
wt soil&tare,dry 
wttare 
wt moisture 

DESCIUPTION 
__ .. 

'. wt soil&tare,moist ' 

wt soil&tare.dw 
- I  

wttare 
wt moisture 

- vow 
RATIO + 
0.446 
0.445 
0.443 
0.433 
0.415 
0.38 1 

- 

DRAINAGE PATH DRAINAGE PATH I 
C C  WINAGE) 

HY - - - 
1.5561 
1.5372 
1 SO36 
1.4387 

Height 
0.250 I 0.9891 - - 

0.491 1 
0.4881 
0.4828 
0.4722 

0.500 
0.500 

1 .o 
2.0 
4.0 
8.0 

0.9842 
0.9836 
0.98 1 8 
0.9752 
0.9632 
0.9400 

0.2545 
0.1780 
0.2242 
0.4444 

115.2 
115.3 
115.5 
1 16.3 
117.7 
120.6 

- 
0.9822 
0.9763 
0.9655 
0.9444 

0.009 
0.032 
0.058 
0.113 

I I 
AKJEWOOD, COLORADO 



, . . . . . . . 
I . . . . .  . . . 

DATE 
TECH ROCKY FLATS/FIELD & LAB TESTKO 

0.46 

0.45 

0.44 

0.43 

0 0.42 

a 
a 
0 0.41 > 

0.40 

039 

038 

037 

8/4/20@ 
NG 

SAMPLE #: 

DESCRIPTION: 



. . . .  . .  
. .  

ONE-DiMENSIONAL CONSOLIDATION 

0.45 

0.44 - 

0.43 - 

0.42 

0 .  

20.41 

F: 

a s 
0.40 

039 - 

038 - 

037 
0.1 1 

Cv (ftA2/day) 

L 
10 

DESCRIPTION. Yellowish brown (10 YR 5/8) 1 1 1  
ROCKY FLATS/FIELD & LAB TESTICO TECH1 NO 
043-2246-0001 
GOLDER ASSOCIATES INC 
LAKEWOOD, COLORADO 



0 

lOCKY FLATSmLD & LAB TESTlCO SAMPLE: PF-7 DATE 
143-2246-0001 TECH 

REVIEW 
i 

0 
8/4/2004 

NG 
IEO 

hlOO 
Smph 
Hdghc 

0.9937 
0.9900 
0.9888 
0.9865 
0.9815 
0.9751 
0.9706 

height (in) 
diameter (in) 
area (in"2) 
volume (in"3) 
specimen weighcwet (g) 
specimen weightdry (g) . 
water weight (g) 

DSO 
Sample 
HeiBht 

- - 
0.9869 
0.9821 
0.9760 
0.97 I 7 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density 0 
moist density (pcf) 

Dauity 
(pet) 

. .  

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density 0 
moist density (pcf) 

RATIO (DOUBLE DRAINAOE) (DOUBLE DRAINAOE) 
e HCW I H(m) Hq(i1r'2) I H q ( d )  

0.384 - I - - I 

DESCRIPTION MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 

1.50E-02 
2.35E-02 
1.98E-02 
2.15E-02 

- 
PRESSURB 
WI 

o.100 
0.500 
0.500 

1 .o 
2.0 
4.0 
8.0 

SOLDER 

- 
1.4OE+OO 0.011 
2.19E+OO 0.023 
1.85EMO 0.030 
2.01E+OO 0.021 

LAKEWOOD, COLORADO 

I DRAINAOE PATH 150 I sample I vow I DRAINAOE PATH 
TmlfE (min) 

- 
- 

0.3428 
0.21 73 
0.2546 
0.2321 

120.8 
121.0 
121.2 
121.9 
122.7 
123.2 

0.379 
0.377 
0.374 
0.367 
0.358 
0.352 

0.4935 
0.491 1 
0.4880 
0.4858 

1.2534 
1.2473 
1.2395 
1.2340 

- 
0.2435 
0.241 1 
0.2381 
0.2360 

1 -  

1 1.5710 
1.5557 

1 1.5364 
1 1.5229 

1 
I I I I I I 

COEFFICIENT OF I 



ONEDIMENSIONAL CONSOLIDATION 

0.1 1 10 
PREsSrsREO 

100 

)ESCRIPTION: 

AMPLE #: 

ROCKY FLATS/FIELD & LAB TEST/CO 
143-2246-0001 REVIEW1 JEO 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 

3*3 



ONEDIMENSIONAL CONSOLIDATION 

0.38 

037 

B 
9 

0.3i 

0.3 

Cv (ftA2/day) 
1 

;AMPLE #: IpF-71 
IESCRIPTION: 

ROCKY FLATS/FIELD & LAB TESTICO 

10 

TECH 
REvIEwl JEO 

143-2246-0001 
GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 

. .  



0 

D50 
Sllnlpk 
HCi$lt - - - 

0.9903 
0.9828 
0.9710 
0.9462 

0 

6 0  Sampb vom 
TIME (mia) Density RATIO 

(PCT) e 
11 1.7 0.491 - 112.1 0.487 
112.1 0.486 

0.255 1 12.4 0.483 
0.255 113.3 0.470 
0.1 94 114.8 0.45 1 
0.207 1 18.0 0.412 

ONEDIMENSIONAL CONSOLIDATION 
ASTM D 2435 - 

- 
0.495 1 
0.4914 
0.4855 
0.4731 

ZOCKY FLATS/FIELD & LAB TESTICO SAMPLE: PF-8 DATE 8/12/2004 
)43-2246-0001 TECH NG 

REVIEW JEO 

I .2576 0.2452 1.581 7 
1.2482 0.2415 1.5580 
1.2332 0.2357 1.5207 
1.2017 0.2238 1.4440 

SAMPLE DATA, GENERAL SAMPLE DATA, INITIAL SAMPLE DATA, FINAL 

height (in) 
diameter (in) 
area (iA2) 
volume (irr'3) 
specimen weighgwet (g) 
specimen weight& (g) 
water weight (g) 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (pd) 
moist density (pcf) 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
.dry density 
moist density @cf) 

DESCRIPTION MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 

wt soil&tare,moist wt soil&tare,moist 

wt moisture 

DRAINAOE PATH DRAINAOE PATH 

- 1 - 1 - 1 -  

COEFPICIPNT OF 

- 
2.04E-02 
2.0 1 Eo2 
2.57E-02 
2.29E-02 

- 
- 

1.9OEMO 
1.87EMO 
2.40EMO 
2.14EMO 

C C  

0.01 I 
0.042 
0.064 

. 0.130 

AKJWOOD, COLORADO 



. .  

0 
ONE-DIMENSIONAL CONSOLIDATION 

0.50 

0.49 ' 

0.48 

0.47 

0.46 

0.45 

0.44 

0.43 

fr 0.42 
0 > 

0.41 

0.40 

0.39 

0.38 

0.37 

0.36 

0.35 

0 

2 

1 10 100 0.1 . 
PRESSURE 0 

SAMPLE#: 

DESCRIPTION: 

DATE 8/1u200 
ROCKY FLATS/FIELD & LAB TEST/CO TECH NG 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 

043-2246-0001 REVIEW JEO 

. .  



ONE-DIMENSIONAL CONSOLIDATION 

DESCRIPTION: 

3AMPLE #: 

lclayey sand with gravel (SC) I 
DATE1 8/12/20 

ROCKY FLATS/FIELD & LAB TEST/CO TECH NG 

GOLDER AseCIATES INC. 
LAKEWOOD, c0Ix)RADO 

043-2246-0001 FtEvIEw E O  

0 

353 



SAMPLE: PF-9 DATE tOCKY F'LATS/FIELD & LAB TEST/CO 
143-2246-0001 TECH 

REmw 

DESCRIPTION MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 

814~004 
NG 
E O  

DRAINAGE PATH 
(DOUBLE DJWNAOE) 

HY(in9)  1 H A Z ( d )  

0.1964 

COEFFICIENT OF 
CONSOLIDATION 

Cv(anAZ/scc) I (IIWday) 

~ ~~ 

LAKEWOOD, COLORADO 

h1W 
PRESSURE Sample 

@9 Height 
0.9905 E: 0.9875 

0.500 0.9870 
1 .o 0.9849 
2.0 0.9804 
4.0 0.9758 

VOID 1 DRAINAGE PATH sample I DSO 60 
sample - (min) 
Height 

- - - 
0.9854 0.2185 
0.98 10 0.2546 
0.9762 0.2599 

D=iv 
(pc9 
119.7 
120.0 
120.1 
120.4 
120.9 
121.5 
121.8 

RATIO (DOUBLE DRAINAGE) 
c H(+ I H (an) 

0.392 - I 
0.388 
0.387 
0.384 
0.378 
0.371 
0.368 

- 
0.2427 
0.2406 
0.2383 
0.2373 

- 
0:4927 
0.4905 
0.4881 
0.4872 

1.5660 2.35E-02 2.2OE+OO 
1.5523 2.00E-02 1.87EMO 
1.5371 1.94E-02 1.81EflO 
1.5311 2.56E-02 2.39EflO 

1.2514 
1.2459 
1.2398 
1.2374 

- 
C C  

0.010 
0.02 1 
0.021 
0.010 



, . . . , , , . , . . -. . , . . . . . . . . . . . . . .  . .  
, , ,.. , . . . ._. .__ ._ . . . . . . 

DATE1 8/4/2004 

0 

ROCKY FLATS/FIELD & LAB TESTICO TECH 

ONE-DIMENSIONAL CONSOLIDATION 

NO 

0.40 

a 

039 l-. 

038 

2 
8. 
0 > 
037 

036 

035 
0.1 1 10 100 

PRESSURE (ksf) 

;AMPLE #: 

[clayey sand I 



ONEDIMENSIONAL CONSOLIDATION 

0.39 

1 
Cv (ftA2/day) 

DESCRIPTION: 

SAMPLE #: 

ROCKY FLATS/FIELD & LAB TEST/CO 

DATE 
TECH 

8/4/200 
NG 

REvIEwl E O  
043-2246-0001 
GOLDER ASSOCIATES JNC. 

. LAKEWOOD, COLORADO 



e 
lOCKY FLATSmLD & LAB TFST/CO SAMPLE: PF-10 DATE 
143-2246-0001 TECH 

REVIEW 

8/12/2004 
NG 
JEO 

SAMPLE DATA, INITIAL 

RATIO (DOUBLEDRAINAOB) 
C H(W I H(an) 

0.436 - I - 

height (in) 
diameter (in) 
area (W2) 
volume (inA3) 
specimen weight,wet (g) 
specimen weight,* (g) 
water weight (g) 

(DOUBLE 
H q ( i )  - 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 

- 
1.5765 
1.5455 
1.5040 
1.4369 

SAMPLE DATA, FINAL 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 

1.51E-02 
2.00E-02 
2.58E-02 
2.26842 

.. 

dry density (pd) 
moist densitv C D C ~  ... , I 

DESCRlPTION MOISTURE CONTENT, INITIAL MOI- CONTENT, FINAL 

wt soil&tare,moist wt soil&tare,moist . 

hlOO 
PRESSURB Sample 

orsf) Height 
0.100 0.9967 
0.500 0.9923 
0.500 0.9917 

1 .O 0.9878 
2.0 0.9775 
4.0 0.9636 
8.0 0.941 1 

AKEWOOD, COLORADO 

- - 
0.343 
0.254 
0.191 
0.208 

TbfE 
Height 

- 
0.9886 
0.9789 
0.9656 
0.9439 

116.6 
116.6 
117.1 
I 18.3 
120.0 
122.9 

VOID I D W A O E  PATH I DRAINAOE PATH I COEFFICIENT OF 

0.429 
0.429 - 
0.423 0.4943 
0.408 0.4894 
0.388 0.4828 

.2556 

.2432 

0.356 0.4719 .I987 

- 
0.2444 
0.2396 
0.233 1 
0.2227 

)ATION 
(*UaaY) - - 

1.41Ei-00 
1.86Ei-00 
2.41E+OO 
2.1 1Ei-00 

C C  

0.019 
0.050 
0.066 
0.108 



ONEDIMENSIONAL CONSOLIDATION 

SAMPLE #: PF-10 

DESCRIPTION: 

DATE 8/12/20( 
ROCKY FLATSmLD & LAB TEST/CO TECH NG 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORAM) 

Y 

043-2246-0001 REVIEW EO 



. .. . . . .  

, 

ONEDIMENSIONAL CONSOLIDATION 

1 
Cv (ft"2lday) 

SAMPLE#: 
IPF-10 

DESCRIPTION: Yellowish brown (10 YR 518) I 
lclayey sand with gravel (SC) I 

10 

ROCKY FLATS/FIELD & LAB TESTKO TECH 
043-2246-000 1 REvIEwl JEO 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 

343 



b 

Golder Associates, Inc. 
Denver, Colorado 

ob Short Title 

- 
Sample#= PF-1 Sample#= PF-I Sample# = PF-I 
Point # = 1 Point # 2 Point # = 3 

Title: 

TRIAXIAL SHEARTEST REPORT 
SAMPLE DATA AND CALCULATIONS 

Lrcllgth- 

wet weight = 
Dinmetex- 

Area= 
SampleArea- 

!Volume = 
MoistUreContent= 
Specific Gravity = 

WetDensity= 
DryDensity- 
Wet Density = 
DryDensity- 

Dry weight of solids = 

Initial 
14.66 ~ l l  

7.30 can 

41.9 sq.an 
6.49 sq. ip. 

1274.70 g 

613.6 cc 
12.7% 

1131.06 g 
na 

2.08 glcc 

129.6 pcf 
115.0 pcf 

1.84 g/cc 

Diam&x= 

Area- 
wet weight = 

Sample Area = 

Volume = 
MoistureContent= 

Dry Weight of Solids = 
Wet Density- 
DryDensity= 
Wet Density = 
'DryDensity= 

specific Gravity= 

Initial 
14.72 
7.30 

1273.80 
41.9 
6.49 

616.1 
12.7% 

na 
1130.26 

2.07 
1.83 
129.0 
114.5 

Cellprcssun= 100 psi 
BackPrrspun= 97 psi 

C o n f i o i n g ~ ~  3 psi 

Length= 
Diameter= 

wet weight = 
Aten= 

Sample = 

Volume = 
Moisture Content = 
SpedicGravity- 

Dry Weight of solidi = 
. WetDensity- 

Dry Density = 
Wet Density = 
Dry Density = 

Initial 
14.76 

, 7.30 
1273.70 

41.9 
6.49 

617.7 
12.7% 

na 
1130.17 

2.06 
1.83 
128.7 
114.2 

sn 
an 
l3 
Sq*m 
sq. in. 

cc 

CeUpressUre= 100 psi 
BackPressurt- 91 psi 

ConhingpressUre= 9 psi * 

Notes: 1. Sample molded to 95% of maximum dry density (120.6 pcf) and +2% of optimum (12.7%) moisture content 
2. Yellowish brown (IO YR 5/8) clayey sand with gravel SC 

ROCKY FLATWFIELDB LAB TESFINC/CO I 1Figure: 
Date: Job Number: ihmple Na 

I I TIS 71'2912004 043-2246.0001 E'F-1 



Shear Stress vs. Strain 
9 1  1 

Golder Associates, Inc. 
Denver, Colorado 

Job Short Title: 

8 
'a 7 a 
L: !ti; 
* 4  
3 3  
E 2  

1 
0 
0% 5 yo 10% 15% 20% 25% 30% 

Strain, YO 

Title: 

CU TRIAXIAL SmAR DATA 
STRESS AND A PORE PRESSURE PLOTS 

I 

Sample No. Reviewed: Date: Job Number: 
PF-1 TJS 07/29/04 043-2246.0001 

Figure: 

Excess Pore Pressure vs. Strain 
7 
6 

a 5  

% 3  

g 1  
g o  
8 -1 % 

.LI m 

E 4  
I 

PI g 2  



Stress Path Plot 
p'-q Plot 

16 

k 14 
.m 0 

.I 

g 12 
ai 

" ... 

-6 psi - 
-9 psi - 
- Kf Envelope 

20 1 I 1 

ample No. Reviewed. Date: 
PF-1 TJS 

18 ! 1-3 psi 

Figure: 

I- 

0 2 4 6 8 10 12 14 16 18 20 
p', Mean Effective Stress in psi 

Stress Path Parameters 

w"= 29.2 degrees 
a' = 0.0 psi 

I 
~~ ~ 

Golder Associates, Inc. Title: 

Denver, Colorado 
ob Short Title: I 

CU TRZAXIAL SHEAR DATA 
STRESS PATH PLOT 



! 

Golder Associates, Inc. 
Denver, Colorado 

lob Short Title: 

Mohr Circle Diagram 
Effective Stress Parameters 

Title: 

CU TRZAXIAL SHEAR DATA 
MOHR CIRCLE DIAGRAM 

0 2 4 6 8 10 12 14 16 18 20 
Effective Normal Stress, psi 

Sample No. Depth Reviewed: Date: Job Number: Figure: 

PF-1 0 TJS Il29l2004 043-2246.0001 



i 

Consolidated Undrained Triaxial Lab Data 
From COLDER ASSOCL4TE;r INC 
Project: ROCKY FLATS/FIELD & LAB TESTINGKO 
Project Number: 043-2246.0001 

tan(w9= 0.5588 
a'= 0 

4 ' =  34.0 degrees 
c'= 0.0 psi 

Effective Stress Analysis 
q vs. p' 

4 6 8 10 0 2 

p', Mean E f f d v e  Stress In psi 

Notes: 1. Failure is taken to corespond to the maximum deviator stress at an axial strain of 1%. 
This small strain failure criteria was chosen due to the dilative nature of the material. . 

Printed on: 8/2/2004 
Golder Associates Inc. 



0 

Point Number P-uo 

(psi) 
1 8 
2 11 
7 16 

0 

9 -.: 

(Psi) 

_i_ , 

4 
5 
5 

&! Consolidated Undrained Triaxial Lab Data 
From. C O D E R  ASSOCLQTES INC 
Project: ROCKY FLATS/FIELD & LAB TESTJNGKO 
Project Number: 043-2246.0001 

Sample Number 
Depth 

.... . . : , 7 l .  

-Notes: 

Printed on: 8M2004 

tan(y)= 0.2224 
a =  1.9214 

I$ = 12.9 degrees 
c =  2.0 psi 

Total Stress Analysis 
q vs. puo 

6 

5 

x 4  
9 

rn L 
3 a rn 
8 2  

1 

a 
a 2 4 6 a 10 12 14 16 

pUo, M a n  Total S k u  in pi 

1 .  Failure is taken to corespond to the maximum deviator stress at an axial strain of 1%. 
This small strain failure criteria was chosen due to the dilative nature of the material. 

Golder Associates Inc. 



0 Consolidated Undrained Triaxial Lab Data 
From. COLDER ASSOCIATES INC 
Project: 
Project Number: 043-2246.0001 
Explination of Terminology 

ROCKY FLATS/FIELD & LAB TESTING/CO 

Mohr-Coulomb Failure Criteria: 

-. 
Where: 
c', c = effective and total cohesive intercept 
+', + = efkctive and total fkiction angle 
ztr = Shear Strength on the failure surface at failure 

G'B, @r = effective and total normal stress on the failure surfsce at failure 

Stress Path SDace: 

0 1  - 0 3  a+d3 0 1  + 0 3  
4= 2 #= 2 P= 2 

where: 
q =  shearstress 
p', p = mean effective and total stress 
a'i , GI = Effective and Total Axial stress 

~ ' 3 ,  ~3 = Effkctive and Total Confining Stress 

0 

q = a + p'tan ry 
q=a+(p-Uo)tany/ 

Where: 
a', a = intercept of the q-axis in effective stress of total stress space 
w', yj = angle of the failure line in effective stress of total stress space 
p' = mean effective stress 
pUo = mean total minus the initial pore pressure 

with the relationship between w and 4 and a and c are as fbllows: 

wyd= "4) 

0 

I Priniedon: 8/2/2004 

379 

a =  c*cos(+) 

Golder Associates Inc. PF-1 .xlsxls 



WATER CONTENT (%MOISTURE) 
WT SOIL &TARE, MOIST (g) 
N'T SOIL 6t TARE, DRY (9) 

. 

1-1 EFF. CONSOLIDATION DRY DENSITY, calc 
PREsslfRE a3 (mi m VOLUME OF SOLIDS - -  . 

432.0 VOLUME OF VOIDS 
Mountiq M e t l t o d V l  VOID RATIO 

SATURATION 

PREssuRE,~3@sf) 

:m (mmurcs) 
FINAL "B" VALUE 

ACCUU 
TlME DBFLBCT. 

(indns) 
0.0 O.Oo0 
0.5 0.003 
1 .o 0.006 
1.5 0.009 
2.0 0.0 I 2 
23 0.015 
4 2  0.025 

12.5 0.075 
gi#l:@s 

17.3 
21.5 
26.7 
292 
34.8 
41.7 
51.7 
583 
66.7 
75.0 
833 
91.7 
100.0 
108.3 
116.7 
125.0 
1333 
141.7 
150.0 
1583 
166.7 

0.104 
0.129 
0.160 
0.175 
0209 
0230 
0310 
0.350 
0.4 00 
0.450 
0.500 
0.550 
0.600 
0.6W 
0.700 
0.750 
0.800 
0.850 
0.900 
0950 
1 .OOO 

- 
AxlAL 
LOAD 

22 
32 
38 
43 
47 
50 
60 

72 
74 
75 
75 
75 

79 
79 
80 
83 
85 

90 
92 
94 
95 
9 9 .  
100 
102 
I 0 4  
IO5 
107 

0 

n 

87 

)U 
@ FAILURE 

( 1 4  

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1 .00 

0.99 
0.98 
0.98 
0.97 
0.97 
0.97 
0.96 
0.95 
0.94 
0.93 
0.92 
0.92 
0.91 
0.90 
0.89 
0.88 
0.87 

0.86 
0.85 
0.84 
0.83 

pg.%a 

0.87 

CORR 
AREA 

6.09 
6.10 
6.10 
6.10 
6.10 
6.11 
6.12 

6.17 
6.20 
623 
6.26 
628 
631 
636 
6.42 
6.47 
6.53 
659 
6.65 
6.7 I 
6.77 
6.83 
6.90 
6.96 
7.03 
7.10 
7.17 
724 
7.31 

)EVIAToI 
@ FAlLUH 

0 

~ i i ~ ~  

corn 
HEIOWP 

5.987 
5.984 
5.981 
5.978 
5.975 
5.972 
5.%2 

5.912 
5.883 

5.827 
5.812 

5.737 
5.677 
5.637 
5387 
5537 
5.487 
5.437 
5.387 
5337 
5287 
5237 
5.167 
5.137 

5.037 
4.987 

CSTRE.24 

0 

#lgg@g@ 

5.858 

5.778 

5.087 

195.38 
0.48 1 

DEV. 
!muss 

0.0 
2362 

495.6 
589.7 
6602 
894.4 

1167.0 
1207.8 
1225.7 
12193 
1216.1 
1254.6 
1291.0 

1290.8 
1345.5 

I 408.1 
1459.6 
1488.7 
1517.1 
1523.7 
1592.0 
1597.3 
I6225 
1646.8 
16505 
16735 

a 
377.8 

giiqgg 

1m.s 

13772 

1101.641 

SlCfMA I - 
4320 
6682 
809.8 
927.6 
1021.1 
10922 
1326.4 

1599.0 
1639.8 
1657.7 
1651.3 
1648.1 
1686.6 
Ify.0 
17095 
1722.8 

18092 
1840.1 
1891.6 
1920.7 
1949.1 
1955.7 
2024.0 
20293 
2054.5 
2078.8 
208l.5 
21055 

~~~~ 

i m 3  

- 
SIGMA 1 
EFF. 

432.0 
5962 
709.0 
798.0 

933.8 
1133.6 

0 

877.7 

giJg$$g 
1527.0 
1611.0 
1643.3 
1665.7 
16625 
1715.4 
17662 
1767.1 
1780.4 
1849.5 
1895.6 
IW0.9 
2006.8 
2oso.3 
2078.7 
2099.7 
2168.0 
2187.7 
2m.3 
2251.6 
2269.7 
22927 

EiZEii 

WTTAREW. 
WT MOISTURE (g) 
WT DRY SOIL (e) 

SIGMA 3 
m. 
432.0 
360.0 
3311 
302.4 

273.6 
2592 

360.0 
4032 
417.6 
446.4 
446.4 
460.8 
4752 
489.6 
489.6 
304.0 
518.4 
5328 
5472 
561.6 
561.6 
576.0 
576.0 
590.4 
604.8 
604.8 
6192 
6192 

0 

288.0 

~-~ 

RATIO, @ FAILURE 

%MOISTURE 

EFFPRN &&-g) 
STRRATIO a 

(ail ai) 0 
1 .00 432.0 
1.66 478.1 
2.14 520. I 
2.64 5502 
3.05 582.9 
3.41 603.7 
4.45 706.4 

424 943.5 
4.00 1007.1 . 
3.94 10305 
3.73 1056.0 
3.72 10545 
3.72 1088.1 
3.72 1120.1 
3.61 1128.4 
3.64 1135.0 
3.67 1176.8 
3.66 1207.0 
3.64 1236.8 

3.65 1306.0 
3.70 1320.1 
3.65 1337.9 
3.76 1372.0 
3.71 1389.1 
3.68 1416.0 
3.72 14282 
3.67 1444.5 
3.70 1456.0 

~~~~ ~~~a~~ 

3.67 1 m . o  

&S!d 

0 
0.0 

118.1 
188.9 
247.8 
294.9 
330.1 
4471 

583.5 
603.9 
6129 
609.6 
608.1 
6273 
6455 
638.8 
645.4 
672.8 
688.6 
704.0 
729.8 
744.4 

761.9 
796.0 
798.7 
8112 
823.4 
825.3 
836.8 

~~~~ 

7585 

- 
TECH 
DATE 

XECKED 

16.95 

REVIEWED 

CnlAnr Accnriatnc lnrr 

0 

on 

0.00 
030 

026 
0.24 
0.24 
0.19 

0.06 
0.02 
0.01 
4.01 
4.01 
-0.02 
4.03 
-0.05 
-0.04 
4.05 
4.06 
4.07 
-0.08 
4.09 
4.09 
4.09 
4.09 
4.10 
4.11 
4.10 
4.1 1 
4.1 I 

PWM/DA 
8n#4 

~ ~ ~ ~ , Z ~  



'ROJECI' NUMBER 
*AMPLE ID VOLUME OF SOLIDS 
;AMPLETYPE VOLUME OF VOIDS 
IEFI'H INTERVAL VOID RATIO 
UCHINE SPEED (inlmin) 
;TRAIN RATE (Wmin) % MOISTURE 
:ELL PResSURE (psi? SPECIFIC GRAVITY WATER CONTmJT (% MOISTURE) 
AMPLEPRESSURE(psi) MOIST DENSITY (pcf) WT SOIL &TARE, MOIST (g) -1 w WT SOIL &TARE, DRY (g) IFF. CONSOLIDATION DRY DENSITY, calc @cf) 113.6 

VOLUME OF SOLIDS 
VOLUME OF VOIDS 

SATURATION 
Mounting Method-[ VOID RATIO 

'REsSURE,%@si) 
' R E S S W ,  0 3  (psf) 
wbu,# "E" VALUE 

W T T M 6 3 )  
WT MOISTURE (g) 
WT DRY SOIL (9) 
% MOISTURE m (minutes) 

SIGMA 3 
EFF. 

864.0 
6192 
576.0 
532.8 
489.6 
4752 
460.8 
446.4 
446.4 

446.4 
446.4 
4752 

489.6 
518.4 
5328 
5328 
5472 
5661.6 
576.0 
590.4 
590.4 
590.4 
604.8 
6192 
6192 
6192 
633.6 
648.0 

PRINCIJ 

&!!L 

~-~~~ 

4752, 

- 

w 
0 

864.0 
891.8 
919.7 
9473 
998.6 
1007.6 
1074.9 
1105.0 
1149.1 

1165.4 
1174.8 
1200.5 
12203 
125I.O 
1295.7 
1336.7 
1340.6 
1369.7 
13972 
1415.9 
1443.9 
1467.7 
1480.4 
1m.1 
1523.1 
1534.8 
1554.6 
15612 
1605.9 

Qjyqgij 

DEV. 
STRESS 

0.0 
5453 
6873 
829.0 
1017.9 
1064.7 
I2263 
13172 
14053 

4.Z -,--G=ZL 
1437.9 
1456.9 
1450.6 
14902 

1554.3 
1607.8 
1615.7 
1645.0 
16712 
1679.9 
1707.1 
1734.6 
1780.0 
1804.6 
18079 

@Jr) 

'q-rpq i l i  

i s n 8  

imi.1 
1870.7 
I8552 
1915.8 

SIGMA 1 - 
0 

864.0 
14093 
1551.3 
1693.0 
1881.9 
1928.7 
20923 
21812 
22693 

2301.9 
2320.9 
2314.6 
23542 
2386.8 
2418.5 
2471.8 
2479.7 
zso9.0 
25352 
2543.9 
2571.1 
2618.6 
2644.0 
2668.6 
26719 
2695.1 

E - g g a  

2734.7 
n i 9 2  
2779.8 

SIGMA 1 
EFF. 

864.0 
1164.5 
12633 
1361.8 
1m.5 
15399 
1689.1 
1763.6 
1851.7 

18843 
19033 
1925.8 
1965.4 
2012.4 
m . 9  
2140.6 
2148.5 
21922 

2255.9 
2297.3 
2345.0 
2370.4 
2409.4 

24503 
2489.9 
2488.8 
2563.8 

0 

3%!$k!$Eg 

2232.8 

2427.1 

EFFSRN 
;TR RATIO 

1 .00 
1.88 
2.19 
2.36 
3.08 
324 
3.67 
3.95 
4.15 

4.22 
426 
4.05 
4.14 
4.1 I 
4.00 
4.02 
4.03 
4.01 
3.98 
3.92 
3.89 
3.97 
4.01 
3.98 
3.92 
3.96 
4.02 
3.93 
3.96 

ESTRES! 
4.24 

(a;/ u,? 

~~~~~~ 

ACCUU AxlAL 
DEFUKI'. IDAD 

0.000 I7 
0.003 40 
0.005 46 
0.009 52 
0.012 60 
0.0 I5 62 
0.025 69 
0.050 73 

(id) (Ibs) 

0.075 n 
~~b~ 

0.133 I9 
0.150 80 
0.175 80 
0.200 82 
0250 84 
0300 86 
0350 89 
0.400 90 
0.4450 92 
0.508 94 
0.550 95 
0.600 97 
0.650 100 
0.700 I02 
0.750 104 
0.800 105 
0.850 107 
0908 I IO 
0.950 1 IO 
I .Ooo I I4 

a3RR 
AREA 
(in 2) 

1 .00 6.07 
l..00 6.07 
I .oo 6.08 
I .00 6.08 
I .00 6.08 
1 .00 6.09 
I .00 6.10 
0.99 6.12 
0.99 6.15 

CORR 
HEIGHr 

(in) 
5.975 
5.972 
5.970 
5.966 
5.%3 
5960 
5.950 
5.925 
5.900 

5.842 
5.825 
5.800 

5.725 
5.675 
5.625 
5575 
5525 
5.467 
5.425 
5375 
5325 
5.275 
5125 
5.175 
5.125 
5.067 
5.025 
4.975 

JC m 

!gE?%Eom 

5 . m  

PORE 
PRBSS. 

80.6 
823 
82.6 
82.9 

&!!EL 

832 
833 
83.4 
83.3 
83.5 

~~~~ 

83.3 
83.5 
83.3 
833 
83.2 

82.9 
82.9 

83.0 

82.8 
82.7 
82.6 
825 
825 
82.5 
82.4 
823 
823 
823 
822 
82. I 

1 

0 
0.0 

272.6 
343.7 
4145 
509.0 
532.4 
614.1 
658.6 
702.7 

719.0 
128.4 
7253 
745. I 
761.4 

803.9 
8w.8 
822.5 

~~~ 

7773 

m5.6 
839.9 
853.5 
877.3 
890.0 
9023 
903.9 
915.6 
935.4 
927.6 
957.9 - 

TECH 
DATE 

DU (psf) 
0 

0.0 
244.8 
288.0 
3312 
374.4 
388.8 
4032 
417.6 
417.6 

d&"h", ,t id 

417.6 
417.6 
388.8 
388.8 
374.4 
345.6 
3312 
3312 
316.8 
302.4 
288.0 

273.6 
273.6 
2592 
244.8 
244.8 
244.8 
230.4 
216.0 

mfT6m 

273.6 

71MB 

0.0 
0 5  
0.8 
I5 
2.0 
2.5 
4 2  
8 3  
125 

22.2 
25.0 
292 
333 
41.7 
50.0 
583 
66.7 
75.0 
84.7 
91.7 
l00.0 
1083 
116.7 
125.0 
1333 
141.7 
1513 
1583 
166.7 

~ 

0 
0.00 
0.05 
0.08 
0.15 
020 
023 
0.42 
0.84 
126 

0 
0.00 
0.45 
0.42 
0.40 
0.37 
037 
033 
032 
030 

029 
029 
0.27 
026 
0.25 
0.22 
021 
020 
0.19 
0.18 
0.17 
0.16 
0.16 
0.15 
0.14 
0.14 
0.13 

~~~.~ 

0.13 
0.12 
0.11 

PWM/DA 
8Rf2004 

2.51 
2.93 
335 
4.18 

5.86 
6.69 
753 
8.50 
921 
10.04 
10.88 
11.72 
12.55 
1339 
14.23 
1520 
15.90 

' 16.74 

5.02 

0.97 
0.97 
0.97 
0.96 
0.95 
0.94 
0.93 
092 
0.91 
0.91 
0.90 
0.89 
0.88 
0.87 
0.87 
0.86 
0.85 
0.84 
0.83 

6.23 
623 
6.20 
6.34 
639 
6.45 
6.51 
657 
6.63 
6.69 
6.75 
6.81 
6.88 
6.94 
7.01 
7.08 
7.16 
1.22 
729 - 

DEVIATO I 
DU 1444.81 RATIO @ FAILURE @ FAILURE @ FAILURE 

CHECKEE 
REVIEWEI: 



4 

TRIAXUU. COMPRESSON I" (ASI'M D 4767) CONSOLIDATED UNDRAINED WlTH PORE PRESSURE 
G 0 

CORRJKTED SAMPLE DATA 
115.2 

410.61 
189.99 El 0.463 

+ 
'ROJECI' TITLE ROCKY FLATWIELD AND LAB TESTMOlCO INITIAL SAMPLE DATA 
'ROJECT NUMBER 
*AMPLE ID PF-3 DlAMEFER VOLUME OF SOLIDS 
*AMPLETYPE Bulk AREA VOLUME OF VOIDS 
IEPTH INTERVAL VOLUME VOID RATIO 
MCHINE SPEED (imin) 0.006 WEIGHT (8) 
*TRAIN RATB (%I&) 0.10 % MOISTURB 
:ELL PREsSURE!(psti 83.0 SPECIFIC GRAVITY WATER CONTENT (% MOISTURE) 
AMPLE PRESSURE (psi) 80.0 MOIST DENSITY (pcf) W SOIL &TARE, MOIST (g) 
:FF. CONSOLIDATION 

043-22464001 HEIGHT DRY DENSITY, d c  (pd) 

180.52 

DRY DENSITY, calc (pcf) WT SOIL &.TARE, DRY (g) 
VOLUMB OF SOLlDS (B) 

432.0 VOLUME OF VOIDS WT MOISTURE (8) 
Mounting M e t h o d V ]  VOID RATIO WT DRY SOlL (g) 

% MOISTURE SATURATION 

'RESSURe, UJ (psi) 
'RESSURE. UJ bf) 
'INAL OB9 VALUE 

TIME 

0.0 
05 
1 .o 
1.5 
20  

42  
8 3  
125 
16.7 
20.8 
25.0 
292 
333 
41.7 
50.0 
583 
66.7 
75.0 
633 
91.7 
100.0 
1083 
1 16.7 
125.0 
1333 
141.7 
150.0 
1583 
166.7 

0 

m, 
0.006 43 
0.009 48 
0.012 n 

0.050 53 
0.075 52 
0.100 u) 
0.125 48 
0.150 48 
0.175 48 
0200 47 
0 2 0  47 
0300 48 
0350 48 
0.400 48 
0.450 48 
OJOO 50 
0.550 50 
0.600 52 
0.650 53 
0.700 53 
0.750 55 
0.800 58 
0.850 58 
0.900 60 
0.950 62 
1 .m 64 

DO 

- 
PORE 
PRBSS. 

799 
80.6 
80.9 
81.0 
81.1 

81.1 
812 
813 
81.4 
813 
81.6 
81.6 
81.7 
81 .7 
81.7 
81.7 
81.7 
81.7 
81.7 
81.7 
81.7 
81.7 
81.7 
81.7 
81.6 
81.6 
81.6 
815 
81.5 

A!?!t!L 

PWPchansp 
DU @st) 
0 

0.0 
100.8 
144.0 
158.4 
172.8 

172.8 
I872 

216.0 
230.4 
244.8 
244.8 
2592 
2592 
2592 
2592 
2592 
2592 
2592 
2592 
239.2 
2592 
2592 
2592 
244.8 
244.8 
244.8 
230.4 
230.4 

201.6 

0.10 I .oo 
0.15 

1.00 ' 

0.83 0.99 
1.25 0.99 
I .66 0.98 
208 0.98 
2.49 0.98 
2.91 0.97 
333 0.97 
4.16 0.96 
4.99 0.95 
5.82 0.94 
6.65 , 0.93 
7.48 0.93 
8 3  1 092 
9.15 0.91 
998 0.90 
10.81 0.89 ' 

11.64 0.88 
12.47 0.88 
1330 0.87 
14.13 0.86 
14.91 0.85 
15.80 0.84 
16.63 0.83 

CORR 
AREA 
(in 2) 
6.09 
6.10 
6.10 
6.10 
6.11 

6.12 
6.15 
6.17 
620 
6.22 
625 
628 
630 
6.36 
6.41 
6.47 
6.53 
6.59 
6.6s 
6.71 
6.71 
6.83 

' 6.90 
6.96 
7.03 
7.10 
7.17 
724 ' 
73  I 

. 
6.01 I 3543 7863 68S.5 

6.005 707.8 1139.8 981.4 
6.002 801.8 1233.8 1061.0 

6.008 590.1 l ep l  878.1 

5.964 
5.939 
5.914 
5.889 
5.864 

5.814 
5.764 
5.714 
5.664 
5.614 
5564 
5.514 
5.464 
5.414 
5Mb 
5314 
5266 
5214 
5.164 
5.114 
5.064 
5.014 

5.839 

mo.1 1252.1 
7933 1233 
743.5 1175.5 
694.1 1126.1 
6912 11232 

6624 1094.4 
656.7 1088.7 
673.5 I I055 
667.6 1099.6 
661.7 1093.7 

6932 I I252 
687.0 1119.0 
7232 11552 
737.6 1169.6 
730.7 114.7 
7652 I1972 
819.4 1251.4 
811.6 1243.6 

875.4 1307.4 
9062 13382 

6882 iim2 

65S.8 iom.6 

843.9 tm.9 

1064.9 
1023.7 
959.5 
895.7 
878A 

635.2 
8295 
8463 
840.4 
834.5 
828.6 
866.0 
859.8 
896.0 
910.4 
9035 
938.0 
1006.6 
998.8 
1031.1 
1077.0 
1107.8 

875.4 

SIGMA 3 
m. 

432.0 
3312 
288.0 
rn.6 
2592 

2592 
244.8 
230.4 
216.0 
201.6 

A%!!!?L 

1872 
1872 
172.8 
172.8 
172.8 
172.8 
172.8 
172.8 
172.8 
372.8 

172.8 
172.8 
172.8 

tn.6 

1872 
1872 . 
1872 
201.6 
201.6 

PRINCII 

EFFm 
9TR RATIO 

1.00 
2.07 
3.05 
359 
4.09 

4.27 
435 
4.44 
4.44 
4.44 
4.69 
4.68 

4.80 
4.90 
4.86 
4.83 
4.80 
5.01 
4.98 
S.19 
5.27 
5.23 
5.43 
538 
534 
5.51 
534 
5.49 

(a;/ a,? 

~~~ 

4.83 

177.1 
sm.1 295.1 
627.5 353.9 
660.1 400.9 

654.9. 410.1 
627.1 3%.7 
587.8 371.8 
548.7 347.1 
5328 345.6 
531.3 344.1 
504.0 3312 
50012 328.4 
509.5 336.7 
306.6 333.8 
503.7 330.9 
500.7 327.9 
S19.4 346.6 
5163 3435 
534.4 361.6 
541.6 368.8 
5382 365.4 
555.4 382.6 
5%.9 409.7 
593.0 405.8 
609. I 421.9 
6393 437.7 
654.7 453.1 

I 
TECH 
DATE 

CHECKED 
REVIEWEC 

0 
0.00 
0.28 
024 
022 
022 

020 
0.23 
0 2  
029 
033 
035 
036 
039 
039 
038 
039 
039 
0.40 
037 
038 
OM 
035 
035 
034 
030 
OM 
029 
0.26 
0.25 

PWMlsDM 
7l28104 



' 0.0 
0.5 
I .o 
13 
2.0 
2.5 
3 5  
7.7 
11.7 
153 
203 
243 

32.7 
362 
45.3 
535 
620 
70.5 
783 

953 
103.8 
I122 
120.0 
129.0 
137.0 
145.8 
154.0 
166.7 

87.0 

0.003 31 
0.006 43 
0.008 52 
0.012 59 
0.015 64 
0.021 70 
0.046 80 
0.070 81 

0.122 83 
0.146 83 

0.091 m 

gggjgg 
0.1% 
0217 86 
0.272 88 
0321 90 
0372 93 
0.423 94 
0.469 96 
0.522 99 
0572 101 
0.623 103 
0.673 105 
0.720 107 
0.774 I10 
0.822 111 
0.875 114 
0.924 1 I6 
I .OOo 1 I9 

I 
DU 

PORE 
PRESS. 

81.2 
1123 
83.0 
835 
839 
84.1 
84.5 
85.4 
85.9 
863 
863 
863 

862 
861 
86.1 
86.0 
85.9 
85.8 
85.7 
85.7 
85.6 
85.6 
85.5 
85.4 
85.4 
853 
85.2 
85.1 
85.0 

&?!EL 

p w p ~  . 8 

(=) cw 
D U O  %STRAIN 

0.0 0.00 
158.4 0.05 
2592 0.10 
331.2 0.13 
388.8 . 0.20 
417.6 025 
4753 0.35 

676.8 1.17 
720.0 1.52 
734.4 2.04 
734.4 2.44 

604.8 0.77 

720.0 3.63 
705.6 4.55 
6912 537 

6624 7.08 
648.0 7.85 
648.0 8.73 ' 

633.6 957 
633.6 10.43 
6191 1116 
604.8 12.05 
604.8 12.95 
590.4 13.76 
576.0 14.64 
561.6 15.46 
5471 16.73 

676.8 , 

5.973 
5.970 
5.968 
5.964 ' 

5961 
5.955 
5.930 

.5.906 
5.885 
5.854 

I .00 6.05 4331 1570.8 1137.6 
I .00 6.05 7233 1760.1 1036.8 
1.00 6.05 9252 1890.0 964.8 
1 .00 6.06 ' 10815 l988.7 9072 

1 .00 6.07 1348.0 2168.8 820.8 
0.99 6.09 1571.6 2262.8 6913 
0.99 6.12 n103 6191 

21m.6 576.0 
2183.0 561.6 0.98 6.17 1621.4 

0.98 I 610 I 5.830 I 1628.7 I 2924.7 21903 561.6 

1.00 6.06 1199.7 2078.1 878.4 

0.98 1 6.14 ~ 2: 

17291 
20193 
22213 

2495.7 
2644.0 
2867.6 
2887.1 
2902.6 
2917.4 

23775 

639 
6.45 
6.51 
6.56. 
6.62 
6.69 
6.75 
6.81 
6.87 
695 
7.01 
7.08 
7.15 
736 

5.655 
5.604 
5553 

5.454 
5.404 
5353 
5.303 
52% 
5.202 
5.154 
5.101 
5.052 
4.976 

5.M7 

0.96 6.27 5.759 16@3 2%23 22423 576.0 ' 
0.95 I 633. I 5.704 I 17095 I 3005.5 I 2299.9 I 590.4 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 
0.87 
0.86 
0.85 
0.85 
0.83 

1733.1 

1801.4 

1860.6 
I8845 
19243 
1952.8 
1966.9 
2006.8 
2015.0 
2053.2 
2079.8 
2102.1 

1777.8 

im1.6 

3029.1 
3073.8 . 
3097.4 
3117.6 
3156.6 . 
31805 
3 m 3  
3248.8 
3262.9 
3302.8 
3311.0 
33492 
3375.8 
3398.1 

2337.9 
2397.0 
2435.0 
2469.6 
2508.6 
2546.9 
7586.7 
2629.6 
2658.1 
2698.0 
2720.6 
27733 
28143 
2850.9 

604.8 
6191 
633.6 
648.0 
648.0 
661.4 
662.4 
676.8 
6912 
6913,  
705.6 
720.0 
734.4 
748.8 

I I I I I I 
DEVIATOXIC Sl'REM EFFECllVEPRMCII 

Q FAILURE pq Q FAILURE RATIO Q FAILURiC 

- 
EFFm 
m RATIO 
(ail a;) 

1 .oo 
138 
1 . IO 
1 .% 
2.19 
2.37 
2.64 
3.27 
3.57 
3.79 
3.89 
3.90 

3.87 
3.89 
3.90 
3.87 

3.84 
3.81 

3.84 
3.91 
3.89 
3.85 
3.90 
3.86 
3.85 
3.83 
3.81 

g@,@i 

3.87 

3.87 

WziI 

0 
1296.0 
13542 
1398.4 
1427.4 
1447.9 
1478.3 
1494.8 

1414.8 
1379.3 
13723 
1376.0 

1403.0 
1409.1 
1445.1 
14713 
I508.1 
I5343 
1558.8 
15783 
1604.6 
1624.5 
16532 
1674.7 
1694.6 
1713.1 
1746.6 

1799.8 

1477.0 

gp!g!63 

17743 

0 
0.0 

216.6 
361.6 
462.6 
540.1 
599.9 
674.0 
785.8 
795.6 
803.3 
810.7 
814.4 

827 .O 
833.1 
854.7 
8665 
888.9 
900.7 
910.8 
9303 
9423 
962.1 
976.4 
9833 
1003.4 
10075 
1026.6 
1039.9 
1051.0 

a-T-- &@&@ 

TECH 
. DATE 

CHECKED 

.(A) 
0 

037 
036 
036 
036 
035 
035 
038 
0.43 
0.45 
0.45 
0.45 

0.44 
0.43 
0.41 
0.40 
0.38 
037 
036 
0.35 
034 
033 
032 
03 I 
030 
019 
0.28 
0.27 
026 

PWM/DA 
am004 

~~~~ 

I 

'r 
r 
r 
j 

I 

i i 

! 

i 
! 
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UGUST 2004 043-2246-0001 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

PROJECTNAME: 
PROJECTNUMBER: 043-2246-0001 

ROCKY FLATSIFIELD AND LAB TESTINGKO 

SAMPLEID: PF-2 DEP’IH: - Sample’I)rpe: Bulk 
B 

2 
3 

c 

864 ‘ 113.6 13.9 
12% 113.5 14.0 

D 

D 

f Y 

m 

li m 

STRESSRATIO-STRAIN CURVES 

0 2 4 6 8 10 12 14 16 i a  m 
% STRAIN 

PORE PRESSURESTRAIN CURVE 

0 2 4 6 I 10 U 14 16 la m 
Y o  STRAIN 

Soil Description 
Brow COARSE 7 0  FINE SAND. som fine 
gravel. - silty Clay. 

LL PL PI 
I I I 1 
Comments 
Sample was remolded to approx 95% of the 
Mar Dry Dcrsity, @ Opt. Moishne CmknI+2%. 

Fdnm based on effective stress ratio 
or 15% strain. 



JGUST 2004 043-2246-0001 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

PROJECT NAME: 
PROJECTNUMBER: 043-2246-OOol 
SAMPLEID: P F - 2  DEPTH: SampleTYpe: Bulk 

ROCKY FLATSIFlELD AND LAB TESTINGlCO b 

STRESS PATH I 

I I a' P 117.6 psf C '  P 136.8 psf I 

MOHR STRESS CIRCLES 
4oO0, 

3m.- 

2 864 113.6 13.9. 
14.0 12% 1135 3 

\ 

2 0.10 I716 %.9 
3 0.10 78.0 972 

I 
uscs (SC) 1 

LL PL PI 
I -  I 1 - 1  

I Sample was rrmDlded to appro% 9% of tk 
Comments 

1 

Fdmm b d  00 effective ~ ~ T C S S  ratio 
or 15% strrsn. 



330  
340 
350 
360 

377 

172 #NUMI #NUMI 330 #MIMI #NUMI 
200 #NUMI #NUMI 340 #MIMI #NUMI 
224 #NUMI #NUMI 350 #NUMI #NUMI 
245 #NUMI #NUMI 360 #MIMI #NUMI 

Page 1 



1.82 
224 
2.48 
2.87 
3.11 
3.56 
3.80 
4.05 
4.16 

935.0 272.6 
951.6 3672 
976.0 414.4 
1003.6 4852 
10363 ~ 5323 
101112 590.4 
%7.6 1 564.4 
872.5 1 5269 
780.5 418.1 

457 
4.56 
4.75 
4 . n  
4.97 
4.94 
5.09 
5.00 
5.14 
4.95 
4.86 
4.83 , 
4.82 
4.60 
4.70 
4.63 
4.49 
4.58 

6822 437.4 
680.4 435.6 
6622 43 I .8 
658.4 428.0 
6882 457.8 
684.1 453.7 
702.0 47 I .6 
733.9 489.1 
75 1 .O 5062 
171.4 5122 
802.2 528.6 
7972 523.6 
837.8 549.8 
847.0 544.6 
862. I 559.7 
891.2 514.4 
909.9 578.7 
923.9 592.7 

d* a 

\ k k  

TRIAXIAL COMPRESSION TEST (ASTM D 4767) CONSOLIDATED UNDRAINED WlTH PORE PRESSURE 
ROCKY FLATSlFlELD AND LAB TESTlNGrCO INITIAL SAMPLE DATA / CORRECTED SAMPLE DATA 

115.7 
409.60 
186.60 R 0.456 

'ROJECT TITLE 
'ROJECT NUMBER 04332464001 HEIGHT DRY DENSITY, calc (pcf) 
;AMPLE ID PF-3 DIAMETER VOLUME OF SOLIDS 
;AMPLETYPE Bulk AREA VOLUME OF VOIDS 
IEPTH INTERVAL VOLUME VOID RATIO 
JlACHME SPEED (inlmin) 0.006 WEIGHT (g) 
;TRAP4 RATE ( W h )  0.10 %MOISTURE 
:ELL PRESSURE (psi) 86.0 SPECIFIC ORAvlTy WATER CONTENT (% MOISTURE 
iAMPLE PRESSURE (psi) 80.0 MOIST DENSITY (pcf) 
!FF. CONSOLIDATION DRY DENSITY, calc (pc9 

VOLUME OF SOLIDS 
VOLUME OF VOIDS 

yRESSURE. uJ (psi) 
'RESURE. UI CDSn 

WT SOL & TARE, MOlST (9) 
WT SOIL &TARE, DRY (g) 

WT MOISTURE (9) 
WT DRY SOIL (g) 
% MOISTURE 

W T M C B )  
179.76 _ _  - .  _ _  . -.. . 

:MAL "B' VALUE 
Jo (minutes) 

Mounting Method-1 VOID RATIO 
SATURATION - 

AXIAL 
UlAD 

17 
40 

' 48 
n 

62 
67 
65 
62 
58 

0 

!8 

ACCUM. 
TIME DEFLECT. 

(inches) 
O.OO0 
0.003 
0.006 
0.009 
0.012 
0.015 
0.W 
0.050 
0.07s 
0.100 

CORR. 
AREA 
(in 2) 
6.07 
6.07 
6.08 
6.08 
6.08 
6.09 
6.10 
6.12 
6.15 
6.17 

623 
625 
628 
634 
639 
6.45 
6.51 
6.56 
6.62 
6.69 
6.75 
6.81 
6.88 
6.94 
7.01 
7.08 
7.15 
722 
729 

~!~~ 

FORB 
PRESS. 

805 
81.9 
82.4 
82.6 
82.9 
83.0 
833 
83.7 

~~~~ 

84. I 
84.4 

84.7 
84.8 
84.8 
84.9 
84.9 
849 
84.9 
84.9 

84.8 
84.7 
84.6 
84.6 
84.5 
84.4 
84.4 
843 
84.2 
842 

84.8 

CORR 
HBIOHT 

(in) 
5.992 
5.989 
5.986 

5.980 
5977 
5.%7 
5.942 
5.917 
5.892 

5.842 
5.817 
5.792 
5.742 
5.692 
5.642 
5592 
5342 
5.492 
5.442 
5392 
5342 
5292 
5242 
5.192 
5.142 
5.092 
5.042 
4.992 

CSTRES 

5.983 

w '86 &lL 
" d A - I  

- 

DBV. 
SIRESS 

0.0 
5452 
7345 
828.8 
970.4 
10645 
1180.8 
1128.9 
1053.9 
956.1 

878.6 

@Qf) 

#gps2gg# 

874.9 
871.1 
863.6 
856.1 
915.6 
907.4 
9432 
978.2 
10123 
1024.4 
10572 
IM73 
1099.6 
1089.1 
11193 
1148.8 
1157.4 
1 185.5 

SIGMA 1 
dcvstr+cp 
0 

864.0 
1409.2 
I5985 
1692.8 
1834.4 
19285 
2044.8 
1992.9 
1917.9 
1820.1 

17426 
1738.9 
1735.1 

1720.1 
1779.6 

18072 
18422 
18763 
1888.4 
19212 
19113 
1963.6 
1953.1 

20128 
2021.4 
20495 

~~~~~ 

I 721.6 

tn1.4 

19833 

SIGMA I 
EFF. 

SIGMA 3 
EFF. 

864.0 
662.4 
590.4 
561.6 
518.4 
504.0 
460.8 
4032 
345.6 
302.4 

2592 
244.8 

230.4 
230.4 
230.4 
230.4 
230.4 
244.8 
244.8 
2592 
rn.6 
273.6 
288.0 
302.4 
302.4 
316.8 
3312 
3312 

PRMCLP 

J!z!!!L 

~~~~! 

244.8, 

0 
864.0 

0 
0.0 

201.6 
273.6 
302.4 
345.6 
360.0 
4032 
460.8 
5 18.4 
561.6 

604.8 
619.2 
619.2 
633.6 
633.6 
633.6 
633.6 
633.6 
6192 
6192 
604.8 
590.4 
590.4 
576.0 
561.6 
561.6 
5472 
532.8 
532.8 

~~~~~~ 

0 
0.00 
037 
037 
036 
036 
034 
0.34 
0.41 
0.49 
0.59 

0.69 
0.71 
0.71 
0.73 
0.74 
0.69 
0.70 
0.67 
0.63 
0.61 
0.59 
056 
0.95 
0.52 
052 
0.50 

~~~~~ 

0.48 
0.46 
0.45 

PWMlSDM 
7R8R004 

0.0 
05 
I .o 
1.5 
20 
2.5 
4 2  
8 3  
12.5 
16.7 

1207.6 
1324.9 
1390.4 
1488.8 
15685 
1641.6 
15321 
13995 
1258.5 

Egg&= 
1137.8 
1119.7 
1115.9 
1094.0 
1086.5 
1146.0 
1137.8 
1173.6 
1223.0 
1257.1 
1283.6 
1330.8 
1320.9 
1387.6 
1391.5 
1421.7 
1465.6 
1488.6 
1516.7 

~~~~~ 

250 
2.92 
334 
4.17 
5.01 
5.84 
6.68 
7.51 
834 
9.18 

10.85 
11.68 
I252 
1335 
14.19 
15.02 
15.85 
16.69 

]om 

~~~~~~ 

0.97 
0.97 
0.97 
0.96 
0.95 
094 
0.93 
0.92 
0.92 
0.91 

0.89 
0.88 
0.87 
0.87 
0.86 
0.85 
0.84 
0.83 

0.90 

292. 
333 
41.7 
50.0 
583 
66.7 
75.0 

91.7 
100.0 
1083 
116.7 
125.0 
133.3 
141.7 
150.0 
I583 
166.7 

83.3 

55 
55 
55 
55 
58 
58 
60 
62 
64 
65 
67 
67 
70 
70 
72 
74 
75 
71 

0.175 
0200 
0230 
0300 
0350 
0.400 
0.450 
0.m 
0550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0900 
0.950 
1 .ooo 

I I 

ESTRESS TECP 
DATE 

CHECKEL 

I T I  RATIO @ FAILURE 4-48 I I @ FAILURE 
I 
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ILY 2004 043-2246-0001 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
AsIlM D 4767 

PROJECT NAME: 
PROJECTNUMBER: 043-2246-0001 
SAMPLEID: P F - 3  DEPlR Samplem: Bulk 

ROCKY FLATslFIELD AND LAB TESTINGlCO 

- 
D 

STRESS-STRAINCURVE 

B 

B 

m 

0 
8 10 12 14 16 I8 m 0 2 4 6 

Yo STRAIN 

STRESSRATIO-STRAIN CURVES 

5 m 

B m 

6 8 10 12 14 16 I8 0 '  2 4 

Yo STRAIN I 

PORE PRESSURESTRAIN CURVE 

8 IO I2 14 16 m 0 1 4 6 
vo STRAIN 

864 114.7 12.9 
12% 115.7 12.7 

Average 115.1 12.8 

o m  1 2 3 

Soil Description 
B~~~~,COARSETOFINE SAND.  some fine 
gravel, - silty day. 

scs c LL PL PI 

1 I I I 
Comments 
Sample was remolded to appmx 95% of tht 
Max Dry Dunily, Q Opt Moisturr conlerd +2%. 



. .  ~~~~ 

~ . . . . .  ........_. ~ ^_.. ~ I . . i . . . . _ . _  . . . .  . . . .  . . .  . . . ., 

JLY 2004 043-22460001 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

PROJECT NAME: 
PROJECT NUMBER: 043-2246-0001 
SAMPLEID: 

ROCKY FLATWFIELD AND LAB TESTING/CO 

PJ? - 3  DEPTW - SampleI)pe: Bulk 

1000 

2Ooo 

lo00 

0 
0 

MOHR STRESS CIRCLES 
I 

y - 03583s + 10338 

1m 2ooo 3000 

NORMAL STRESS @sf) 

3 g  I 

2 864 114.7 12.9 
12.7 12% 115.7 3 

2 0.10 74.6 %3 
3 0.10 75.3 ' 99.3 

Soil Description 
I B - C O A R S E T O F I N E S A N D . ~ ~ ~ ~ ~ ~ ~  I 

Fdnrc bwd on effective Smas ratio 
or 15% d n .  

CHECK 
REVIEW 



Mohr data 
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0324 
0373 
0.423 
0.471 
0.523 
0.574 
0.624 
0.675 
0.72 I 
0.774 

. 0.82s 
0.875 
0.927 

98 
100 
102 
104 
106 
108 
110 
1 I2 
I I5 
1 I7 
119 
121 
I23 

1644.5 
16573 
1688.4 
1704.9 
1742.6 
17492 
1763.1 
1806.3 
1844.9 
1847.5 
18862 
1897.9 
1910.8 

953.3 
966.1 
982.8 
9993 
1008.2 
1014.8 
1028.7 
1043.1 
10673 
1069.9 
1079.8 
1091.5 
1104.4 

- -  . 
432.0 VOLUME OF VOIDS 184.83 

Mounting M e l h o d I m  VOID RATIO 
SATURATION 

'RESSURE. =3 (psf) 
:MAL "B" VALUE 
50 (minutes) 0.21 

WT MOISTURE (9) 
WT DRY SOIL (g) 
%MOISTURE - 

SIGMA 3 
EFF. 

432.0 
230.4 
201.6 

172.8 
172.8 

Ad!L 

1872 

imz 
~~~~~ 

288.0 
417.6 
518.4 
576.0 
604.8 
6192 
633.6' 
633.6 
662.4 
6912 
6912 
705.6 
705.6 
734.4 
734.4 
734.4 
7632 
777.6 

806.4 
806.4 
806.4 

PRINCn 

711.6 

- mm 

E 
82.8 

PRESS. 

81 A 

83.0 
83.1 
83.2 
83.2 
83.1 

82.4 
81.5 
80.8 
80.4 
80.2 
80.1 
80.0 
80.0 

79.6 
79.6 
793 
795 
793 
79.3 
793 
79.1 
79.0 
79.0 
78.8 
78.8 
78.8 

~~ 

79.8 

- 
EFFSRN 
m RATIO 
(Ut/ 0;) 

1 .00 
320 
4.43 
5.17 
5.97 
636 
624 

5.79 
4.78 
42.5 
4.01 
3.93 
3.91 
3.88 
3.93 
3.84 
3.76 
3.80 
3.79 
3.83 
3.75 
3.76 
3.80 
3.73 
3.75 
3.75 
3.68 
3.71 
3.74 

~~ 

- 
SIGMA 1 
m. 

432.0 
7382 
893.1 
968.0 
1031.0 
1099.1 
I I672 

4, w '+&, 
1668.8 
1995.7 
2202.2 
23103 
2374.9 
1420.7 
2459.0 
2488.2 
25412 
2597.9 
2623.5 
P 7 1 2  
27043 

A%!L 

qp$$jjjg 

nsos 
nts4.i 
2791.9 
28493 
29122 
2917.4 
2966.0 
2989.4 
3015.1 

CFFEClT 

PwPcbWgl 6 I O O R R I C O R R I  DEV. SlGMAl 
D U O  %SIXAIN (14) AREA HBIGHr STRESS devsb*cp 
0 c/c) (in2) (in) (03 

0.00 I .00 6.09 5.982 0.0 4320 
201.6 0.05 1 .00 6.10 5.979 M1.8 939.8 
230.4 0.13 I .OO 6.10 5.974 691.5 1123.5 
244.8 0.18 I .00 6.10 5.971 780.8 12128 

259.2 0.27 I .00 6.11 , 5.966 ' 9263 13583 
244.8 032 1.00 ' 6.11 5.963 ' 980.0 1412.0 

0.0 

2592 0.23 1 .00 6.11 , 5.968 8582 12902 

TIME 

0.0 
0.5 
I3 
I .8 
23 
2.7 
3 2  

8.0 
122 
15.8 
203 
24.7 
28.8 
333 
37.0 
455 
54.0 
62.2 
70.5 
78.5 

95.1 
104.0 
1 tu 
I202 
129.0 
137.5 
145.8 
154.5 

~~~~~~ 

mz 

(A) 
0.00 
0.40 
033 
031 
030 
028 
02.5 

0.10 
0.01 
4.05 
4.08 
-0.10 
4.10 
4.11 
4 . 1 1  
4.12 
4.14 
4.13 
4.14 
4.14 
4.15 
4.15 
4.15 
8.16 
4.16 
4.16 
4.17 
4.17 
4.17 

PWWSDN 

~~~~ 

8/5/04 

0.008 42 
0.01 I 46 
0.014 49 
0.016 52 
0.019 

14.4 0.99 5.909 1578.1 2010.1 
-86.4 I iz I 0.98 I :::: I 5.887 1 1683.8 I 2115.8 

21663 
wR.1 
2233.5 
2237.4 
2286.6 
23 10.8 
2338.7 
23643 
2397.6 
2430.7 
2448.5 
2461.7 
2489.5 
2518.1 
2566.6 
257 I .8 
2591.6 
2615.0 
2640.7 

-144.0 
-172.8 
-1872 
-201.6 
-201.6 
-230.4 
-2592 
-2592 
-273.6 

-302.4 
-302.4 
-302.4 
-331.2 
-345.6 
-345.6 
-374.4 
-374.4 
-374.4 

-213.6 

2.02 
2.47 
289 
333 
3.71 
456 
5.42 
624 
1.07 

8.74 
9.60 
10.43 
1128 
1205 
12.94 
13.79 
14.63 
1550 

7.87 

, 0.98 
0.98 
0.97 
0.97 
0.96 
0.95 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 

' 0.86 
0.85 
0.85 

0.87 

622 
625 
627 
630 
633 
638 
6.44 
6.50 
6.56 
6.61 
6.68 
6.74 
6.80 
6.87 
6.93 
7.00 
7.07 
7.14 
721 

5.861 
5.834 
5.809 
5.783 
5.760 
5.709 
5.658 
5.609 
5.559 
5.511 
5.459 
5.408 
5358 
5307 
5261 
5208 
5.157 
5.107 
5.055 

I7343 

1801.5 
1825.4 
1854.6 

1906.7 
19323 
1965.6 
1998.7 
2016.5 
2029.7 
2057.5 
2086.1 
2134.6 
2139.8 
2159.6 
2183.0 
2208.7 

. 1770.1 

im8.8 

& 
DEVIATORIC !WREss 

@ FAILURE p x i q  @ FAILURE 

I I I I 
DU 

DATE 
CHECKJX 

RATIO @ FAILURE 

REWEWEE 



TRlAXIAL COMPRESSION TEST (A!5TM D 4767) C 

CORRECTED SAMPLE DATA 
' 

ROCKY FLATSlFlELD AND LAB I'FSTINGKO INITIAL SAMPLE DATA 

0.432 

'ROJECT TITLE 
'ROJECT NUMBER 043-22464001 HEIGHT DRY DENSITY, calc (pc9 
;AMPLE ID PF-4 DlAMETER VOLUME OF SOLIDS 
SAMPLETYPE Bulk AREA VOLUME OF VOlDS 
I E R H  I"ERV& VOLUME VOID RATIO 
MACHINE SPEED (idmin) 0.006 WEIGHT (9) 
;TRAIN RATE (%/min) 0.10 %MOISTURE 
:ELL PRESSURE (psi) 86.0 SPECIFIC GRAVITY 
;AMPLE!PRESsURE(psii 80.0 MOIST DENSITY (pcf) 
3FP. CONSOLIDATION DRY DENSITY, calc 

VOLUME OF SOLIDS 
VOLUME OF VOIDS 

SATURATION 
~ m i n g  ~ e t h o d l W e t 1  VOID RATIO 

'WURE, a3 0 
?REssuRE,a,(Ps9 
FINAL "B" VALUE 
.* fminutcs) 

WT TARE (B) 
WT MOISTURE (g) 
WT DRY SOIL (g) 
Yo MOISTURE . -- . 

0.008 
0.013 

2.8 0.017 
0.020 

3.8 0.023 

123 I 0.074 
16.0 
20.7 
24.8 
29.0 
33.0 
36.8 
45.1 
53.8 ' 
62.5 
70.8 
185 
873 
95.8 
1042 
112.7 

129.3 
137.7 
1462 
154.7 

i m 5  

0.096 
0.124 
0.149 
0.174 
0.198 
0221 
0.274 
0323 
0375 
0.425 
0.471 
0524 
0515 
0.625 
0.676 
0.723 

0.826 
0.877 
0.928 

0.116 

AxlAL 
LOAD 

13 
41 
46 
54 
65 
70 
74 
78 

107 
107 
109 
I10 
I IO 
I IO 
111 
1 I3 
I I5 
117 
119 

123 
125 
128 
131 
132 
136 
137 
140 
143 

0 

i m  

- 
3U , 

83 .O 
331.2 
403.2 

84.0 417.6 
84.1 432.0 
84. I 432.0 

82.5 201.6 
823 I n 8  
822 158.4 
82.1 144.0 
82.0 129.6 
81.9 1153 
82.0 129.6 

81.9 115.2 
81.8 100.8 
81.8 100.8 
81.7 86.4 
81.6 72.0 
81.5 57.6 
813 28.8 
812 14.4 
81.1 0.0 
80.9 -28.8 
80.9 -28.8 
80.8 4 3 2  

81.9 1152, 

Q FAILURE I 345.6 I I 

8 

KSlWIM 

0.00 
0.05 
0.08 
0.13 
022 
0.28 
033 
038 

124 
I .60 
207 
2.49 
2.91 
331 
3.69 
4.58 
5.39 
626 
7.10 
7.86 
8.75 
9.60 
10.44 
I129 
12.07 
12% 
13.79 
14.64 
1550 

c.c) 

gg,= 

(I=) 

1 .00 
1 .lm 
1 .00 
1.00 
I .00 
1 .00 
1.00 
1.00 

0.99 
0.98 
0.98 
0.98 
097 
0.97 
O.% 
0.95 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 
0.87 
0.86 
0.85 
0.85 

~~~~ 

5.984 
5.981 

6.08 5.976 
6.08 5.972 
6.08 5.969 
6.09 5.966 

6.16 5.893 
6.19 5.865 
622 5.840 
6.24 5.815 
627 5.791 
629 5.768 
635 5.715 
6.4 I 5.666 
6.47 5.614 
653 5564 
658 5518 
6.64 5.465 
6.7 I 5.414 
6 .n  5.364 
6.83 5313 
6.90 52tx  
6.97 5213 
7.03 5.163 
7.10 5.112 
7.17 5.061 

DEV. 
SfRESs 

0.0 
6623 
776.0 
9725 
1239.5 
1342.9 
1446.4 
15332 

2198.0 
2210.9 
ma3 
2239.7 
2243.9 
2241.5 
2253.2 
2271.0 
2289.8 
2317.7 
2332.4 
2354.7 
2390.6 
2404.8 
24485 
24843 
2481.1 
2538.8 
25412 
2586.9 
26133 

$go@@ 

3EVIATORlC STRESS 
@ FAILURE 1 -33.0 1 

SIGh4A I 
deMtrhp 
0 

864.0 
15263 
1640.0 
1836.5 
21035 
2206.9 
2310.4 
23972 

3062.0 
30749 
30923 
3103.7 
3107.9 
31055 
31172 
3135.0 
3153.8 
3181.7 
31%A 
3218.7 
3254.6 
3268.8 
33125 
33483 
3345.1 
3402.8 
34112 
3450.9 

&p.@&@ 

34773 

SIGMA 1 
EFT. 

Ai!L 
864.0 
1295.9 
1366.4 
I5053 
1700.3 
17893 

19652 
im8.4 

28733 
2919.5 
29453 
2963.9 
2975.9 
3002.0 
3005.4 
3038.6 
3066.5 
3095.6 
3117.9 
31682 
31%.8 
3254.9 
3319.5 
3330.7 
3402.8 
3440.0 
34419.1 
35205 

SIGMA 3 
EFF. 

864.0 
633.6 
590.4 
532.8 
460.8 
446.4 
432.0 
432.0 

6192 
662.4 
6912 
705.6 
720.0 

748.8 
734.4 - 
148.8 
748.8 
7632 
7632 
M . 6  
792.0 
806.4 
8352 
8494 
864.0 
892.8 
092.8 
9072 

t PRMCIP 

0 

~~g~~~~ 

734.4' 

- 
uno Q FAILURE 

WATER CONTENT (% MOISTURE) 
WT SOIL &TARE, MOIST (g) 
W SOIL &TARE, DRY (8) 

176.16 

2.83 1019.1 
3.69 1080.6 
4.01 1117.9 
435 11552 
4.55 1198.6 

4.34 1767.9 
4.22 1805.4 
4.17 1825.4 
4.12 1842.0 
4.05 1855.2 

4.09 1869.9 
4.06 1893.7 

' 4.10 1907.7 
4.06 - 1929.4 
4.09 1940.6 
4.07 1972.9 
4.04 1994.4 

3.97 2w13 
3.92 2090.1 
3.94 2133.4 
3.85 2166.4 
3.90 2186.3 
3.88 2213.9 

4.01 ims.4 

4.04 2030.7 

Iscel 

0 
0.0 

3312 
388.0 
4863 
619.8 
6715 
7232 
766.6 

1099.0 
1105.5 
11 142 
1119.8 
1122.0 
1120.8 
1126.6 
11355 
1144.9 
1158.9 
1166.2 
1177.4 
1 I953 
1202.4 
12243 
1242.1 
12405 
1269.4 
1273.6 
12935 
1306.7 

E)$J,53 

- 
TECH 
I 
ESTRES9 
,4921 DATE 

CHECKED 

I REVIEWED 

(A) 
0.00 
0.35 
035 
0.34 
033 
0.31 
030 
028 

0.1 I 
0.09 
0.08 
0.07 
0.06 
0.06 
0.05 
0.06 
0.05 
0.05 
0.04 
0.04 
0.04 
0.03 
0.02 
0.01 
0.01 
0.00 

4.01 
4.01 
-0.02 

~ O ? ~ ~  

PWMBDM 
8l5t.2004 



'ROJECT TITLE 
'ROJEtX NUMBER 043-22464001 
;AMPLE ID PF-4 
~AhfF'LETYPE Bulk 
lEPMMTERVAL 

ROCKY FLATSmELD AND LAB TESTINGICO / CORRECTED SAMPLE DATA 

0.426 

INITIAL SAMPLE DATA c 

HEIGHT DRY DENSITY, calc (pd) 
DIAh4lXER VOLUME OF SOLIDS 
AREA VOLUME OF VOIDS 
VOLUMB VOID RATIO 

AACHlNE SPEED (inhnin) 
nRAJN RATE (Odrnin) 
:ELL PRESSURE (psi) 
;AMPLE PRESSURE (psi) 

0.006 WEIOHT (g) 
0.10 %MOISTURE 
89.0 SPECIFIC 0 RAWTY WATER CONTENT (% MOISTURE) 
80.0 MOIST DENSITY (pd) WT SOIL &TARE, MOIST (9) 

8 

1 

1 
' 5  

. .  

! 

f 
! 

. .  

. .  

CORR 
AREA 

6.06 
6.06 
6.07 
6.07 
6.07 
6.07 
6.08 

6.13 
6.16 
6.19 
621 
624 
627 
629 
635 
6.41 
6.46 
6.52 
6.57 
6.64 
6.70 

6.83 
6.89 
6.96 
7.03 
7.10 
7.17 
723 

DEVlATO 

cm 2) 

~~~~~ 

6.77 

- 

ACU3M. 
DEFLECl-. 

(indres) 
O.Oo0 
0.003 
0.006 
0.009 
0.011 
0.014 
0.024 

0.073 
0.093 
0.122 
0.149 
0.172 
0. I98 
0.217 
0.273 
0323 
0373 
0.422 
0.468 
0.523 

0.624 
0.67s 
0.118 

0.824 

0926 
0970 

~~~-~ 

o m  

0.174 

0.875 

CORR 
HEIGHT 

(in) 
5.981 
5.978 
5.975 
5.972 
5.970 
5961 
5.957 

5.908 
5.888 
5.859 
5.832 
5.809 
5.783 
5.764 
5.708 
5.658 
5.608 
5.559 
5.513 
5.458 
5.408 
5357 
5306 
5.263 
5207 
5.157 
5.106 
5.055 
5.01 1 

ic SrRES! 

&g$$gg 

wS?a 

(P) 
1296.0 
1332.7 
1389.7 
1424.1 
1462.4 
1494.8 
1615.9 

2058.5 
2on.o 
2086.6 
20833 
2079.7 
2015.5 
2078.5 
2078.1 

2101.7 
2124.2 
21612 
2175.8 
2200. I 
2229.0 

r n . 8  
2328.0 
2368.6 
2378.6 
2413.6 
2433.0 

E9+T,Zi$ 

2087.9 

m 4 . 0  

8 

@b) 
0.00 
0.05 
0.10 
0.15 
0.18 
0.23 
0.40 

1.22 
1.55 
2.04 
249 
2.88 
331 
3.63 
4.56 
5.40 
6.24 
7.06 
7.82 
8.74 
958 
10.43 
11.29 
I200 
12.94 
13.78 
14.63 
15.48 
I622 

glrZ:?@jg 

( 1 4  

I .00 
I .00 
1 .OO 
1.00 
1 .00 
1 .OO 
1.00 

;*-&dl 
0.99 
0.98 
0.98 
0.98 
0.97 
0.97 
O.% 
0.95 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 
0.87 
0.86 
0.85 
0.85 
0.84 

Sfi.p$qg 

1 

0 
0.0 

281.5 
424.9 
545.7 
641.6 
717.2 
895.9 

1208.9 
1213.0 
12082 
1204.9 
1201.3 
1197.1 
1200.1 
1199.7 
1209.5 
12233 
1231.4 
1254.0 
1268.6 

1293.0 ' 
13092 
1321.6 
1334.4 
13462 
13562 
1376.8 
1381.8 

~~~~~~~ 

1218.5 

TECH 
DATE 

TIME 

0.0 
05 
I .o 
1.5 
I .8 
2 3  
4.0 

12.2 
15.5 
20.3 
24.8 
28.7 
33.0 
362 
45.5 
53.8 
622 
703 
78.0 

95.5 
104.0 
I I25 
119.7 
129.0 
1373 
145.8 
1543 
161.7 

WIN) ' 

@jgf&T.t: 

872 

DU @sf) 

0 
0.0 

244.8 
3312 
417.6 
4752 
518.4 
516.0 

446.4 
432.0 
417.6 
411.6 
417.6 
417.6 
417.6 
417.6 
417.6 
417.6 
4032 
388.8 
388.8 
374.4 
360.0 
3312 
316.8 
3M.4 

~~~~,~~ 

213.6 
213.6 
2592 
244.8 

UJIiIJ) 

0.0 . I 1296.0 I 1296.0 I 1296.0 I I .00 
0 

0 
0.43 
039 
038 
0.37 
036 
032 

0.18 
0.18 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.16 
0.16 
0.15 
0.15 
0.14 
0.13 
0.12 
0.11 
0.10 
0.10 
0.09 
0.09 

PWMBDM 
8I5R004 

~~-~~ 

13 I 80.8 
562.9 
849.9 
1091.5 
12833 
1434.4 

1858.9 
2145.9 

23793 
nm.5 

2130.4 

.1614.1 
1814.7 
1969.9 

'2104.1 
2212.0 

l05lZ 
964.8 
878.4 
820.8 
117.6 

1.54 
I .88 
224 
2.56 
2.84 

37 82.5 
49 83.1 
59 83.7 
67 84.1 
74 84.4 
89 84.8 

3722.0 
37124 
3705.9 

36902 
3696.1 
36955 
3714.9 
3742.6 
3758.7 
3804.1 
38333 
3853.0 
3882.1 
3914.4 

3964.8 
3988.4 
4008.4 
4049.6 
40595 

m a . 7  

39394 

3290.0 
3294.8 
32883 
3281.1 
3272.6 
3278.5 

32973 
3325.0 
3355.5 
34153 
3444.5 
3478.6 
3522.1 
35832 
3622.4 
36624 
3714.8 
3734.8 
3790.4 
3814.7 

3271.9 

864.0 
878.4 
878.4 
878.4 
878.4, 
878.4 
878.4 
878.4 
878.4 
892.8 
9072 
9072 
921.6 
936.0 
964.8 
m.2 
993.6 
1022.4 
1022.4 
1036.8 
10512 

' 3.81 
3.75 
3.74 
3.74 
3.73 
3.73 
3.73 
3.75 
3.79 
3.76 
3.76 
3.80 

3.76 
3.71 
3.70 
3.69 
3.63 
3.65 
3.66 
3.63 

3.n 

117 83.8 
I I7 83.7 
117 83.7 
I I7 83.7 
118 83.7 
118 83.7 
1 I9 83.7 

123 83.7 
123 83.6 
128 83.5 
130 83.5 
132 83.4 
135 833 

83.1 
140 83.0 
142 829 
145 82.7 
147 82.7 
150 82.6 
152 825 

121 83.7 

DU 

2426.0 
24 16.4 
2409.9 
2402.7 
23942 
2400.1 
2399.5 
2418.9 
2446.6 
2462.7 
2508.1 
25373 
2557.0 
2586.1 
2618.4 
26432 
2660.8 
2692.4 
2712.4 
2753.6 
n63.5 

I I I I 

EFFECTIVE PRINCIPLE STRESS 
._ 

@ FAILURE piq . @ FAILURE RATlO@FAILURE 2327.1 I 
CHECKED 

REVIEWED 



. .  

043-2246-0001 AUGUST 2004 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

PROJECT NAME: 
PROJECTNUMBER: 043-2246-0001 

ROCKY FLATSlFIELD AND LAB TESTING/CO 

SAMPLEID. PF-4 DEPTE - SampIe’Isrpe: Bulk 
I) 

sTREssRATIo-sTRAlNcuRvEs 
6 

7 

6 
0 

51 m 4  

i ’  
I t  

o i  
0 1 4 6 I 10 11 14 16 I6 20 

%STRAIN 

PORE PRESSURE-STRAINCURVE 

2 864 116.4 12.9 
3 12% 116.6 12.6 

Avaagt 116.6 12.8 

OOD 1 2 3 

Soil Description 

fin? p v d .  sonr Slty clay. 

JSCS 

LL PL PI 
4 

Comments 
Sample was remolded to appro% 95% of the 
k D r y D e r s i t y , @  opt.Moisburrcordeslf+2%. 

Failure based on cffcetivc stress ratio 
or 15% strain. 



. ____. , _ _ _  _ _ _ _  - : 2 . .  ... _. .--::. _...... : ~ ~ _.._____.________. : . ...._..e--.. - - - -  - - -  .... . . . .. . . . . . . . . .. . . . .. . ... 

UGUST 2004 043-2246-0001 

lWAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASI'M D 4767 

b PROJECT NAME: ROCKY FLATS/FIELD AND LAB TE!STDW/CO 
PROJECTNUMBER: 043-22460001 
SAMPLEID: PF-4 DEPTH: - Sample*: Bulk 

3000 

0 

STRESS PATH 

I I I 
EPPECINH I 

I I a '  P 156.1 psf C '  P 184.5 psf 1 

MOHR STRESS CIRCLES 
3 t m  

moo 

I t m  

C 
0 

mmcnvB 
... y = 0.6306~ + 184.49 

...---- 
/ 

/---- mAL ... 
y = 0.4863~ + 142.74 ' 

3 87 

a64 116.4 . 12.9 2 
3 1296 116.6 12.6 

2 ' 0.10 77.7 98.1 
3 0.10 76.7 . ' 97.0 

Failure b a d  on c f f d v c  rtrrsr ntio 
or 15% strain. 

. .  



Mohr data 



Sample#= PF-5 
Point # = 1 

Initial 
Length= 14.74 can 

Diameter- 7.30 can 
Wet Weight- 1287.10 g 

Area= 41.9 sq.m 
Sample Area = 6.49 sq. ia 

Volume = 
MoistUn Content = 
specificoravity= 

Dry Weight of solids 
Wet Density = 
DryDensity- 
Wet Density = 
DryDensityn 

616.9 cc 
12.1% 

na 
1148.17 g 

2.09 dcc 
1.86 glcc 
130.2 pcf 
116.1 pcf 

100 psi 

3 psi 
97 psi 

Sample#= PF-5 
Point # = 2 

Initial 
h g t h =  14.80 

Dime&= 730 
Wet Weight = 1286.90 

Ana= 41.9 
SampleArea= 6.49 

Volume = 
Moistun Contmt = 
spacificGravity=J 

Dry Weight of Solids = 
WetDensity= 
Dry-tY= 
WetDeasity= 
DryDeasityO 

an 
QII 

8 
sq.m 
sq. ia 

Sample # = 
Point # = 

. Length= 
Dime&= 

wet weight = 
Area= 

Sample Area = 

619.4 cc 
12.1% 

1147.99 g 
m 

2.08 gloc 
1.85 &Icc 
129.6 pcf 
115.6 pcf 

100 psi 
94 psi 
6 psi 

Volume = 
Moisture Content = 
Specific Gravity = 

Dry Weight of solids = 
Wet Density = 
DryDeasityn 
Wet Density = 
Dry Density = 

No-: 1. Sample molded to 95% of corrected maximum dry density (121.9 pcf) and +2% of corrected optimum moisture content (10.8%). 
2. Yellowish brown (10 YR 5/8) clayey sand with gravel (SC). 

PF-5 
3 

Initial 
14.75 
7.30 

1287.60 
41.9 
6.49 

6 17.3 
12.1% 

1148.62 
2.09 
1.86 
130.2 
116.1 

na 

100 
91 
9 

an 
can 
g 
sq.m 
sq. in. 

cc 

psi 
psi 
psi 

Golder Associates, Inc. Title: 

TRJAXIAL SHEAR TEST REPORT 
SAMPLE DATA AND CALCULATIONS 

ROCKY FLATSIPIEU) & LAB TESilNC/CO I 
Rcrhmd: IDatc: Job Number: Figure: hmplc No. 

I I 8IWO04 043-2246.0001 I PF-5 JEO 



' .. -. 

Golder Associates, Inc. 
Denver, Colorado 

lob Short Title: 

Shear Stress vs. Strain 

Title: 

CU TRIAXIAL SaEAR DATA 
STRESS AND A PORE PRESSURE PLOTS 

16 
14 
12 
10 
8 
6 
4 
2 
0 

Sample No. Reviewed: Date: Job Number: 

0% 5% 10% 15% 20% 25% 

Strain, YO 

Excess Pore Pressure vs. Strain 

Figure: 

6 
4 
2 
0 

-2 
-4 
-6 

PF-5 JEO 08/08/04 

0% 5% 10% 15% 20% 25% 30% 

Strain, YO 

043-2246.0001 

35 0 



. . . ... . .  
. .... _ _  . _  ... _ _ _ . _ . . _  .... . . .... . 

Golder Associates, Inc. 
Denver, Colorado 

Job Short Title: 

Stress Path Plot 
p'-q Plot 

Title: 

CU TRLAXIAL SHEAR DATA 
STRESS PATH PLOT 

35 

Sample No. R e v i d :  Date: 
PF-5 JEO 8/8/2004 

$ 5  

0 

Job Number: 
043-2246.0001 

- 3 psi 

- 6 psi 

- 9  psi 

- Kf Envelopc 

0 5 10 15 20 25 30 35 40 

p', Mean Effective Stress in psi 

Stress Path Parameters 

w'= 33.2 degrees 
a'= 0.0 psi 



. . . . . . - . . . . . . 

Golder Associates, Inc. 
Denver, Colorado 

lob Short Title: 

0 

Title: 

CU TRIAXIAL SHEAR DATA 
MOHR CIRCLE DIAGRAM 

'... 

Sample No. Depth &viewed: Date: 

0 
Job Number: Figure: 

Mohr Circle Diagram 
Effective Stress Parameters 

PF-5 JEO 

- 3 psi 

- 6 psi 

-9 psi 

- M-C 
Envelop( 

8/8/2004 043-2246.0001 

5 10 15 20 25 30 0 
Effective Normal Stress, psi 

Mohr-Coulomb Parameters 

4 ' =  40.8 degrees 
c'= 0.0 psi 

3 4  a- 



I 

Consolidated Undrained Triaxial Lab Data 
From COLDER ASOCLQTES LNC 
Project: ROCKY FLATSD?IELD & LAB TESTING/CO 
Project Number: 043-2246.0001 

Printed on: 8/9/2004 

tan(@= 0.6537 
a'= 0.0151 

$ I =  40.8 degrees 
c' E 0.0 psi 

I2 

IO 

2 

Effective Stress Analysis 
9 va P' 

y = 0.6537~ + 0.0151 
R' = 0.9928 

0 2 4 6 8 10 I2 14 16 

p', M a n  Effective S h r s  in p i  

Golder Associates Inc. PF-5jeo.xls.xls 



S '  

10 - 
9 - -  

a .- 

I .- 

9 67- 
5L 

v1 5 - -  

i 
: .a 4 

3 

2 

I 

O +  

.,i 

-- 

.- 

--  

- -  

I 

Consolidated Undrained Triaxial Lab Data 
From GOLDER ASYOCL4 TES INC 
Project : ROCKY FLATS/FIELD & LAB TESTING/CO 
Project Number: 043-2246.0001 

tan(v)= 0.4756 
a- 0.581 

Printed on: 8/9/2004 

t$ = 28.4 degrees 
c =  0.7 psi 

Total Stress Analysis 
q vs. p-uo 

Golder Associates Inc. 



Consolidated Undrained Triaxial Lab Data 
From. GODER ASSOCLQTES lNC 
Project: 
Project Number: 043-2246.0001 
Explination of Terminology 

ROCKY FLATS/FIELD & LAB TESTINGICO 

Mohr-Coulomb Failure Criteria: 

rfl= C ’ + d  tan (P 
@=c+CWtan4 

-. I 
Where: 
c’, c = effective and total cohesive intercept 
,+’, 4 = effective and total fkiction angle 
~ f f  = Shear Strength on the fiilure surface at failure 

O’B, off = effective and total normal stress on the failure s u r k e  at failure 

Stress Path Space: 

Where; 
q= shear stress 
p’, p = mean effective and total stress 

0’1 , 01 = Effective and Tdal Axial Stress 

0’3 , ~3 = Effective ruad Total Confining Stress 

q=a+p’tanry 
q = a + ( p  - U0) tanry  

Where; 
a’, a = intercept of the q-axis in effective stress of total stress space 
v’, v = angle of the failure l i e  in effective stress of total stress space 
p’ = mean effective stress 
pUo = mean total minus the initial pore pressure . 

. 

with the relationship between y~ and 4 and a and c are as follows: 

PF-Sjeo.xls.xls Golder Associates Inc. 



0 

Sample # = 
Point # = 

w= 
wet weight - Diameta- 

Area= 
Sample Area - 

Volumc = 
Moisture Content = 
SpeCificGravity- 

Dry weight of Solids = 
WetDensity= 
DryDCnsity- 
WetDensity- 
Dry Density = 

PF-6 
1 

Initial 
14.68 . CUI 

7.30 . CUI 

41.9 sq.cm 
6.49 sq. in. 

1291.00 g 

614.4 cc 
14.0% 

1132.46 g 
na 

2.10 glcc 
1.84 gcc 

131.1 pcf 
115.0 pcf 

100 psi 
97 psi 
3 psi 

Sample#= PF-6 
Point # = 2 

Initial 
Length-' 14.68 an 

 dim&^= 730 ao 
Wetweight- 1290.50 g 

Area- 41.9 sq.an 
SempleArea= 6.49 sq. in. 

Volume = 
Moisture Content = 
Specific Gravity = 

Dry Weight of Solids = 
WetDaurity= 
DryDcnsity- 
Wet Density = 
Dry Density = 

614.4 cc 
14.0Yo 
na 

1132.02 g 
2.10 gcc 
1.84 glcc 
131.1 pcf 
115.0 pd 

Cellpressure= 100 psi 
BackPressurea 94 psi 

Confiningprcssure- . 6  psi 

Sample#- PF-6 
Point # = 3 

Initial 
Length= 14.83 an 

Diameter- 7.30 ao 
Wet Weight - 1294.00 g 

A m -  41.9 sq.m 
' SampleArea= 6.49 sq. in. 

Volume = 
MoisturC Contcnt - 
speciticGravity= 

Dry weight of solids = 
Wet Density = 
m-ty= 
Wet Densitye 
DryDazsity= 

620.7 cc 
14.00h 
na 

1135.09 g 
2.08 glcc 
1.83 glcc 
130.1 pcf 
114.1 pcf 

CellpressUn= 100 psi 
BackPressure= 91 psi 

ConfiningpressUre= 9 psi 

Notes: 1. Sample remolded to 95% of maximum dry density (120.3 pcf) and +2% of optimum (12.5%) moisture content 
2. Yellowish brown (10 YR 5/8) clayey sand with gravel SC 

a lder  Associates, Inc. Title: 

TIUAXIAL SHEAR TEST REPORT 
SAMPLE DATA AND CALCULATIONS 

ROCKY FIATSIFIeLDB LABTBSI1NC/CO I 
mple Na Rcrhmd: Date: ]Job Number: Figure: 

I I 8/1/2004 043-2246.0001 ?F-6 J M  

! 
! 
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Golder Associates, Inc. 
Denver, Colorado 

rob Short Title: 

--.. I 

Title: 

CU TRIAXIAL SEEAR DATA 
STRESS AND A PORE PRESSURE PLOTS 

Shear Stress vs. Strain 

Sample No. Reviewed Date: 

12 

.LI 10 a a 
g 8  
rn b 6  

t ! 4  
r n 2  

0 

& 

A 

5 yo 10% 15% 20% 25% 0% 
Strain, Yo 

Job Number: 
PF-6 JEO 08/01/04 043-2246.0001 
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Golder Associates, Inc. 
Denver, Colorado 

lob Short Title: 

20 
18 

"a 16 
.g 14 

.LI 

Title: 

CU TRIAXIAL SHEAR DATA 
STRESS PATH PLOT 

3 12 
;; 10 
h 

Reviewed: Date: Job Number: Sample No. 
PF-6 JEO 8/1/2004 043-2246.0001 

h 8  
a 6  8 

$ 4  
m 

Figure: 

2 
0 

> 

Stress Path Plot 
p'-q Plot 

Stress Path Parameters 

\VI= 33.7 degrees 
a'= 0.0 psi 

- 6 psi 

- 9 psi 

- Kf'Envelope 

I 

0 2 4 6 8 10 12 14 16 18 20 

p', Mean Effective Stress in psi 

39% 
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Golder Associates, Inc. 
Denver, Colorado 

ob Short Ti& 

Mohr Circle Diagram 
Effective Stress Parameters 

I 

Title: 

CU TRIAXIAL SHEAR DATA 
MOHR CIRCLE DIAGRAM 

Mohr-Coulomb Parameters 

Reviewed: Date: Job Number: ample No. 
0 JEO 8/1/2004 043-2246.0001 

+'= 41.9 degrees 
c'= 0.0 psi 

Figure: 
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Consolidated Undrained Triaxial Lab Data 

I 

From: GOLDER ASSOCLQTES INC 
Proiect: ROCKY F'LATSmLD & LAB TESTING/CO - 
Project Number: 043-2246.0001 

tan(y')= 0.6674 
a' = 

Printed on: 8/2/2004 

+ I =  41.9 degrees 
c'= 0.0 psi 

Effective Stress Analysis 
q vs. p' 

4 6 a IO 12 14 0 2 

p', M a n  Effecth'e Stress In psi 

Golder Associates Inc. 
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Consolidated Undrained Triaxial Lab Data 
From. COLDER AssoclLdTES INC 
Project: ROCKY FLATS/FIEU) & LAB TESTING/CO 
Project Number: 043-2246.0001 

tan(y)= 0.403 
a =  1.5432 

Q = 23.8 degrees 
C- 1.7 psi 

0 
I 

.. - 

Total Stress Analysis 
q vs. puo 

9 -  

8 .- R' = 0.9344 

7 

y = 0.403~ + 1.5432 

- -  

1 

0 ,  

- -  

0 2 4 6  8 IO 12 14 16 18 20 

pUo, M a n  Total Strau in pi 

Printed on: 8/2/2004 Golder Associates Inc. PF-6.xls.xls 



Consolidated Undrained Triaxial Lab Data 
From* GOLDER ASSOCIATESRVC 
Project: 
Project Number: 043-2246.0001 
Explination of Terminology 

ROCKY FLATSlFIELD & LAB TESTINGICO 

Mohr-Coulomb Failure Criteria: 

-. 
Where: 
c', c = effective and total cohesive intercept 
+', 4 = eact ive and total fiiction angle 
ZIT = Shear Strength on the hilure surface at failure 

u'e, aff = effective and total normal stress on the failure surface at failure 

Stress Path Space: 

0 1  - 0 3  m+d3 0 1  -k 0 3  4= 2 $= 2 P= 2 
' WhfxG 

q =  shearstress 
p', p = mean effective and total stress 
0'1 , ai = Effective and Total Axial Stress 

6 ' 3  0 3  = Effective and Total Confining Stress 

q=a+p'tany 
q = a+ ( j ~  - U o ) t a n v  

Where: 
a', a = intercept of the q-axis in effective stress of total stress space 
y,', y, = angle of the failure l i e  in effective stress of total stress space 
p' = mean effective stress 
pUo = mean total minus the initial pore pressure 

with the relationship between w and 4 and a and c are as follows: 

Wyd= SW4) 

0 a =  c * cos(4) 

Golder Associates Inc. PF-6.xlaxls 



TRIAXIAL COMPRESSION T 

CORRECl'ED SAMPLE DATA 
DRY DENSITY, calc (pc9 

'ROJECI' TITLE ROCKY FLATSlFlELD AND LAB TESTlNGlCO INITIAL SAMPLE DATA 
'ROJECI' NUMBER 043-2246-000 I HEIGHT 
;AMPLE ID PF-7 DIAMETJZR VOLUME OF SOLIDS 
AMPLETYPE Bulk AREA VOLUME OF VOIDS 
IEPTH lNTERVAL VOLUME VOID RATIO 

;TRAIN RATE ("9tnin) 0.10 % MOlSTURe 
:ELL PRESSURE (psi) 83.0 SPECIFIC ORAvlTy WATER CONTENT (% MOISTURE) 
;AMPLE PRESSURE (psi? 80.0 MOIST DENSITY (pc9 WT SOIL &TARE, MOIST (9) 
ZF. CONSOLIDATlON 
'RESSURI?, 0 3  (psi) m VOLUME OF SOLIDS 

JlACHDJE SPEED (inlmin) 0.006 WEIGHT (td 

DRY DENSITY, calc (pc9 WT SOIL &TARE, DRY (g) 

432.0 VOLUME OF VOIDS 
Mounting M e t h o d m 1  VOID RATIO 

SAWRATION 

'RESSURE. 0 3  (psf) 
:MAL "B" VALUE 

TIME 

0.0 
0 5  
1 .o 
15 
2.0 
2 5  

83  
125 
16.7 
22.5 
25.0 
292 
333 
41.7 
52.5 
583 
66.7 
75.0 
833 
99.0 
100.0 
1083 
116.7 
125.0 
1333 
141.7 
150.0 
1583 
166.7 

(MIN) ' 

'"m- - ;&&$q$ggj 

- 
Ac(xIM. 

DEFLECT. 
(i-) 
O.OO0 
0.003 
0.006 
0.009 
0.012 
0.015 

i q j - @ p p T  &-&=&& 
OR50 
0.075 
0.100 
0.135 
0. I50 
0.175 
0200 
0250 
0315 
0350 
0.400 
0.450 
05Kl 
0.594 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
I .Ooo 

A x l A L p o R B  
u)AD PRBSS. 

I7 799 
33 80.8 
40 81.0 
45 812 
50 813 
53 813 

89 802 
102 792 
107 78.8 
112 783 
1 I5 78.0 
1 I9 77.7 

(Ibs) ( a i  

~~~ .~~~~~ 

122 n.5 
125 na 
129 76.9 
134 76.7 
137 765 
140 76.4 
142 763 
149 76. I 
149 76.0 
154 76.0 
157 759 
I59 75.8 
162 75.7 

' 164 75.7 
167 75.6 
171 755 
I72 75.4 

DU 
@ FAILURE 

DU 0 
0 

0.0 
129.6 
158.4 

201.6 
2014 

@j@@gg 

-100.8 
-158.4 
-230.4 

1873 

432--- 

-nu 
-316.8 
-345.6 
417.6 
432.0 
-460.8 
489.6 
-504.0 
-5 18.4 
-5472 
-561.6 
-561.6 
-576.0 
590.4 
-604.8 
-604.8 
4192 
-633.6 
448.0 

- 
8 

%STRAIN 

0.00 
0.05 
0.10 
0.15 
020 
025 

0.84 
I 2 5  
1.67 
226 
2.51 
2.92 
334 
4.18 
526 
5.85 
6.69 
7.52 
8.36 
9.93 
10.03 
10.86 
11.70 
12.54 
1337 
1421 
15.04 
15.88 
16.71 

.o 

&@ggg 

(la) 

. 1.00 
1.00 
1.00 
I .oo 
I .00 
1.00 

0.99 
0.99 

0.98 
0.97 
0.97 
0.97 
0.96 
0.95 
0.94 
0.93 
0.92 
0.92 
0.90 
090 
0.89 
0.88 

~~~~~ 

0.98 

0.87 
0.87 
0.86 
0.83 
0.84 
0.83 

CORR. 
ARBA 
(in 2) 
6.1 I 
6.11 
6.1 I 
6.12 
6.12 
6.12 

6.16 
6.18 
621 
625 
626 
629 
632 
637 
6.45 
6.49 
6.54 
6.60 
6.66 
6.78 
6.79 
6.85 
6.92 
6.98 
7.05 
7.12 
7.19 
7.26 
733 

3EVIATO 

gg@?l?lgg 

@FAILURE 

CORR 
HEIGHT 

5.983 
5.980 
5.977 
5.974 
5.971 
5.968 

5.933 
5.908 
5.883 
5.848 
5.833 
5.808 
5.783 
5.733 
5.668 
5.633 
5583 
5533 
5.483 
5389 
5383 
5333 
5.203 
5233 
5.183 
5.133 

5.033 
4.983 

IC iTrlum! 

(W 

gg$$j$$jgj 
. -r--- 

s.om 

- 

P I  0.418 

DEV. 
m S  

0.0 

541.8 
6593 
116.6 
846.8 

@sf) 

3n.1 

pjggggg 
16m.7 
19793 
2086.9 
2189.7 
2253.0 
2334.9 
23933 
2440.4 
2502.1 
2597.6 
2640.6 
2682.4 

2803.7 
2800.6 
2879.7 
2915.1 
2W.8 
2%L1 
2974.0 
3005.1 
30549 
30442 

no13 

SIGMA 1 - 
0 

432.0 
809.1 
973.8 
10913 

I 1208.6 
in8.8 

swgyrn; 
2115.7 
24113 
25 18.9 
2621.7 
2685.0 

28253 
28124 
2934.1 
3029.6 
3072.6 
3114.4 
31333 
3235.7 
32326 
3311.7 
3347.1 
3360.8 
3394.1 

I 3406.0 
3437.1 
34869 
34762 

2766.9 

SIGMA 1 
EFF. * 

4320 
679.5 
815.4 
904.1 
1,007.0 
1077.2 

UlZl 

2852.1 
2958.6 
3083.7 
3170.9 
3290.0 
3366.1 
3490.4 
35622 
3618.4 
3651.7 
3782.9 
37942 

3923.1 
39512 
3998.9 
4010.8 
40563 
4120.3 
41242 

26773 

38733 

SIGMA 3 
EFF. 

432.0 
302.4 

244.8 
230.4 
230.4 

388.8 
532.8 
590.4 
6624 
705.6 
748.8 

849.6 
864.0 
892.8 
921.6 
936.0 
950.4 
9792 
9934 
993.6 
1008.0 
1022.4 
1036.8 
1036.8 
10s12 
10656 
1080.0 

A!?sL 

n3.6 

g&@&&&g 

777.6, 

W T T r n ( &  
WT MOISTURE (9) 
WT DRY SOIL (g) 
% MOISTURE - 

EFFPRN 
STR RATI( 

(ail ai) 
1.00 
235 
2.98 
3.69 
4.37 
4.68 

533 
4.71 
4.53 
431 
4.19 
4.12 
4.08 
3.87. 
3.90 
3.91. 
3.87 
3.87 

~~~~~~ 

3.84 
3.86 
3.82 
3.90 
3.89 
3.86 
3.86 

3.86 
3.87 
3.82 

3.87 

~~ 

; PRINCIPLE STN& 
RATIO@FAILURE 

101'+0.7 

0 
2 

4320 
491.0 
544.S 
574.4 
618.7 
653.8 

1230.6 
1522.4 
1633.8 
17572 
1832. I 
19163 
19742 
2069.8 

2191.6 
2241.9 
22772 
uo1.1 
2381.1 
2393.9 
2433.4 
2465.6 
2486.8 
2511.8 
2523.8 
2553.8 
2593.1 
2602.1 

~~8~~ 

I 21 15.0 

CHECKED 
REVIEWED 

14.66 

188.6 034 
nos 029 
329.6 0.28 
3883 026 
423.4 024 

989.6 
1043.4 
1094.8 
1126.5 
I1675 
1196.6 
lzzo.2 
l251.0 
1298.8 
13203 
13411 
1350.7 
1401.9 
14003 
1439.8 
1457.6 
1464.4 
1481.0 

I 5026 

1522.1 

1487.0 

i s m  

4.05 
4.08 
4.11 
4.12 
4.14 
4.14 
4.17 
4.17 
4.18 
4.19 
4.19 
4.19 
420 
420 
4 2 0  
4 2 0  
4 2 0  
4 2 0  
4 2 0  
421 
421 
421 



'ROJE(JT TITLE 
'ROJECT NUMBER 043-22464001 
;AMPLE ID PP-7 
;AMPw-lYPE Bulk 
)EFl'H INTERVAL 

ROCKY FLATSmELD AND LAB TESTINGKO CORRECTED SAMPLE DATA / INITIAL SAMPLE DATA 

DIAMETER VOLUME OP SOLIDS 
AREA VOLUME OF VOlDS 
VOLUME VOID RAT10 

HElGHT DRY DENSITY, calc (pcf) 120.0 
423.68 
171.12 B 

&CHINE SPEED (amin) 
mAlNRATE(wnlin) 
:ELL PRESSURE (psi) 
:AMPLE PRESSURE (psi) 

0.006 WEIOHT (9) 
0.10 % MOlSTURE 

86.0 SPECIFIC GRAVITY WATER CONTENT (% MOISTURE) 
80.0 MOIST DENSITY (pcf) WT SOlL &TARE, MOlST (g) 

'WSURE.  u3 0 
WAL '8" VALUE 

(minutes) 

864.0 VOLUME OF VOIDS 
0.99 Mounting M e h d v ]  VOID RATIO 
0.64 SATURATION 

0.5 
I .o 
1.5 
2.0 
2 5  
4.2 
8 3  

0.003 
0.006 
0.009 
0.012 
0.0 I 5 
0.023 
0.050 

2.09 
2.51 
2.93 
335 
4.18 
5.02 
5.86 
6.69 
7.53 
837 
9.21 

' 10.04 
11.05 
t1.n 
12.55 
1339 
14.43 
15.06 
15.90 
16.74 

0.98 
0.97 
0.97 
0.97 
O.% 
0.95 
0.94 
0.93 
0.92 
0.92 
0.91 
0.90 
0.89 
0.88 
0.87 
0.87 
0.86 
0.85 
0.84 
0.83 

!FF. CONSOLIDATION 
'RESSURB. a3 b o  m DRY DENSITY, calc (pc9 

VOLUME OF SOLIDS 
118.7 

177.52 
0.419 

..., 
WT MOlsIlJRE (e) 
WT DRY SOIL (g) 
% MOlSTURE .- . F I - 

IWAL 
LOAD 

20 
43 
52 
58 
64 
67 
79 
95 

112 
I I5 
1 I9 
122 
I 2 5  
129 
134 
137 
142 
145 
149 
155 
160 
164 
167 
172 
176 
179 
182 
186 
189 

0 

~~ 

- 
)U 

6 

K STRArN 

0.00 
0.05 
0.10 
0.15 
0.20 

1 0.25 
0.42 

~ 0.84 

0 

mRR. 
AREA 
(in 2) 
6.07 
648 
6.08 
6.08 
6.09 
6.09 
6.10 
6.13 

6.18 
6.20 
6.23 
626 
619 
634 
6.40 
6.45 
6 3  I 
6.57 
6.63 
6.69 
6.75 
6.83 
6.88 
6.95 
7.01 
7.10 
7.15 
7 2  
730 

)EVLATO 

~~~ 

@ FAILURE 

mRR 
HBlGHT 

5.975 
5.972 
5.969 
5.966 
5.963 
5.960 
5.950 
5.925 

5.1175 
5.850 
5.825 
5.m 

5.725 
5.675 
5.625 
5375 
5.525 
5.475 
5.425 
5375 
5315 
5.275 
5.225 
5.175 
5.113 
5.075 
5,025 
4.975 

0 

SLrng! 

5 . m  

DEV. 
STRESS 

0.0 
344.9 
757.8 
899.4 
1040.9 
1 1 1 1 3  
1392.7 
1762.9 

21443 
2204.8 
2287.8 
2341.0 
2405.6 
2475.7 
2566.6 
2610.9 
26983 
2739.9 
2802.0 
29055 
29853 
3036.4 
30763 
3150.8 

3225.2 
3261.7 
33093 
3335.6 

@sf) 

@g@&i 

3202.8 

SlOMA 1 - 
0 

864.0 
1408.9 
1621.8 
1763.4 
19049 
19753 
2256.7 
2626.9 

30083 
3068.8 
3151.8 
3211.0 
3269.6 
3339.7 
3430.6 
3474.9 
35623 
3603.9 

3769.5 
38493 
3900.4 
39403 
4014.8 
4066.8 
40892 
4123.7 
4173.3 
4199.6 

gigEA 

3666.b 

SIGMA 1 
EFF. 

SIGMA 3 
Fm. 
864.0 
648.0 
604.8 
576.0 
5472 
532.8 
532.8 
604.8 

748.8 
763.2 
792.0 
820.8 
8352, 
864.0 
9072 
936.0 
964.8 
979.2 
1008.0 
1036.8 
1065.6 
1080.0 
1108.8 
1152.0 
1166.4 
I1952 
1209.6 
1238.4 
1238.4 

PRINCl 

&!!2 

mE 

( 1 4  

1.00 
1 .00 
1.00 
1.00 
1.00 

1.00 
' 1.00 

I 0.99 

0 
864.0 
000 

1 .00 864.0 0.0 
I .84 920.5 272.5 
2211 983.7 378.9 
2.56 1025.7 449.7 
2.90 1067.6 520.4 

3.61 1229.1 6963 
3.09 1088.5 1 555.7 

E !mu?s TECF 
3 3 4 1  DATE 

CHECKEE 

0 
0.00 
0.40 . 
0.34 
032 
030 
0.30 
0.24 
0.15 

0.05 
0.05 
0.03 
0.02 
0.01 
0.00 
4.02 
4.03 
4.01 ' 

4.04 
4.05 
4.06 
-0.07 
-0.07 
4.08 
-0.09 
4.09 
4.10 
-0.11 
4.11 
4.11 

P W D M  
8/4/2004 

@* 

1192.9 
1362.6 
1475.4 
1588.1 
1644.1 
1925.5 
2367.7 

216.0 

82.8 288.0 
316.8 

83.1 3312 
83.1 331.2 
82.6 259.2 

20.8 
25.0 
29.2 
33.3 
41.7 
50.0 
583 
66.7 
75.0 
833 
91.7 
100.0 
110.0 
116.7 
125.0 
1333 
143.7 
Iso.0 
1583 
166.7 

100.8 
72.0 
43.2 
28.8 
0.0 

4 3 2  
-72.0 
-100.8 
-115.2 
-144.0 
472.8 
-201.6 
-216.0 
-244.8 
-288.0 
-302.4 
-331.2 
-345.6 
374.4 
-374.4 

2%8.0 
3079.8 
3167.8 
3h0.8 
3339.7 

. 3473.8 
3546.9 
3663.1 
3719.1 
3810.0 
3942.3 
4050.9 
4116.4 
4185.1 
4302.8 
4369.2 

44713 
4547.7 
4574.0 

46m.4 

81.5 
813 

81.0 
80.8 
80.5 
803 
80. I 
80.0 
79.8 
79.6 
79.4 
793 
79.1 
78.8 
78.7 
78.5 
78.4 
782 
78.2 

81.1 

0.125 
0.150 
0.175 
0200 
0.250 
0300 
0350 
0.400 
0.450 
0500 
0550 
0.m 
0.m 
0.700 
0.750 
0.800 
0.862 
0.9W 
0.950 
1 .OOo 

I I 

@ FAILURE Ila7.21 RATIO @ FAILURE 



in I w m  - 
VOLUME OF SOLIDS 

36.72 36.36 VOID RATIO 
1308.97 

WATER CONTENT (%MOISTURE) 
WT SOIL &TARE, MOIST (g) 
WT SOIL & TARE. DRY I d  

K3 INITIAL SAMPLE DATA 
HEIGHT 
DIAMETER 
AREA 
VOLUME 
WEIGH" (g) 
% MOISTURE 
SPECIFIC GRAVITY 
MOIST DENSITY (pc9 
DRY DENSITY. calc Iocfl 

AMPLE ID 

. 
TRAIN RATE (YVmin) 
ELL PRESSURE (psi) 
AMPLE PRESSURE (pi) 80.0 

an 
15.258 
7.087 
39.44 

601.81 
1284.97 

12.2 
2.70 
1332 
118.7 

424.09 
177.72 
0.419 

- 

78.7 

DEV. 
STRESS 

0.0 
660.8 
943.6 
11553 
1296.1 
14132 
1740.0 
2224.4 

K . 4  -4rm 
26003 
26563 
26932 
27275 

28052 
2847.9 
28895 
2973.9 
3042.4 
307 I .8 
3108.0 
31643 
3197.9 
3251.1 
3240.9 
3291.6 

3267.9 
32555 
32426 

A!!L 

__ 
q.q&$O% 

m4.5 

3279.9 

VOLUME OF VOIDS AMPLETYPE 
EPl'H INTERVAL 
W H I N E  SPEED (inhnin) 

FF. CONSOLIDATION 
RESSURE. u3 (psi) 
RESSURE. 0 3  (ps9 
MAL 'B" VALUE 

~ .. , - 
9.0 

1296.0 
0.99 
0.23 

AXIAL 

- - - - 

VOLUME OF SOLIDS 
VOLUME OF VOlDS 

SATURATION 
Mounting M d h o d l T j  VOID RATIO 

WT MOISTURE (9) 
WT DRY SOIL (g) 
% MOISTURE ,, (minutes) . .  - 

SIGMA1 SlOMAl 
dovslrcrp m. 

(=I) ( U I W  
1296.0 1296.0 
1956.8 16832 
2239.6 1894.0 
24513 2048.1 
2592.1 2160.1 

3036.0 25320 
3520.4 30452 

38963 3521.9 
39523 33923 
39892 3643.6 
4023.5 36923 
40705 3753.7 
41012 3798.8 
4143.9 3855.9 
4185.5 39263 
4269.9 4039.5 

4367.8 41662 
4404.0 47.312 
44603 4301.9 
4493.9 4349.9 
4547.1 44175 
4536.9 4421.7 

4575.9 4475.1 

4551.5 4463.1 
4538.6 4466.6 

no92 2248.4 

y:3pJ@jqg&~ fq?&$g=&vJ 
&-ti-/iibt "si 4 

4338.4 4122.4 

m1.6 4486.8 

4563.9 44n.s 

EFFEClT 

- 
EFFm 
lTRRAn0 

1 .00 
1.65 
1.99 
229 
2.50 
2.69 
320 
3.71 

3.a 
3.84 
3.83 
3.83 
3.83 
3.82 
3.83 
3.79 
3.79 
3.82 
3.81 
3.77 
3.78 
3.78 
3.79 
3.74 
3.75 
3.74 
3.70 
3.69 
3.65 

( U P  9 7  

~~~~~~ 

- 
FORE 

PRESS. 

80.7 
82.6 
83. I 
83.5 
83.7 
83 9 
842 
84.0 

833 
832 
83.1 
83.0 
82.9 
82.8 
82.7 

82.3 
82.2 
82.1 
819 
81.8 
81.7 
81.6 
81.5 
81.4 
81.4 
813 
813 
812 

@spv 

~~~~~ 

82.5 

- 
SIGMA 3 
EFF. 

1296.0 
1022.4 
950.4 
892.8 
864.0 
8352 
792.0 
820.8 

921.6 
936.0 
950.4 
964.8 
979.2 
993.6 * 
1008.0 
1036.8 
1065.6 
1080.0 
1094.4 
11232 
1137.6 
1152.0 
1166.4 
1180.8 
11952 
1195.2 
1209.6 
1209.6 
1224.0 

PRINCII 

0 

&@ii*$ 

- 

TIME 
MQwSp 8 

DU(psf) %STRAIN 

0.0 0.00 
273.6 0.05 
345.6 0.10 
4033 0.15 
432.0 0.20 
460.8 0.25 
504.0 0.42 
475.2 0.84 

%-97,:6-@ r&lF$R 
374.4 1 48 
360.0 2.18 
345.6 2.52 
3312 2.94 
316.8 3.69 
302.4 4.19 
288.0 5.03 

230.4 6.71 
216.0 7.97 
201.6 839 
172.8 923 
158.4 10.06 
144.0 10.90 
129.6 11.74 
1152 12.58 
100.8 13.42 
100.8 1426 
86.4 15.10 
86.4 15.93 
72.0 16.77 

(pc) (%) 

2592 5.87 

cow 
AREA 
(in 2) 
6.10 
6.10 
6.10 
6.1 1 
6.11 
6.1 1 
6.12 
6.15 

i L - A - s  

620 
623 
6.26 
628 
633 
637 
6.42 
6.48 
6.54 
6.63 
6.66 
6.72 
6.78 

. 6.84 
6.91 
6.98 
7.04 
7.11 
7.18 
723 
733 

IEVIATO 

m@J@T@ 

ACCUM. 
DEFLECT. 

O.OO0 
0.003 
0.006 
0.009 
0.012 
0.0 I5 
0 025 
0.050 

0.100 
0.130 
0. I 50 
0.175 
0.220 
0.250 
0300 
0.350 
0.400 
0.475 
0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1 .ooo 

(imhts) 

>pc-- --9 &&tO.$&.&. 

cow 
HEIGHT 

(in) 
5.962 
5.959 
5.9% 
5.953 
5.950 
5.947 
5.937 
5.912 

g *,= 
*-.*, s@&l 

5.862 
5.832 
5.812 

5.742 
5.712 
5.662 
5.612 
5.562 
5.487 
5.462 
5.412 
5.362 
5312 
5262 
5212 
5.162 
5.112 
5.062 
5.012 
4.962 

5.781 

@&i)U 

(9 (Q 
1296.0 0.0 
1352.8 330.4 
1422.2 471.8 
1470.4 577.6 
1512.0 648.0 
15441.8 706.6 
1662.0 870.0 
1933.0 11122 

2221.7 1300.1 
2264.1 1328.1 
2297.0 1346.6 
2328.5 1363.7 

23962 1402.6 
2432.0 1424.0 
2481.5 1444.7 
2552.5 1486.9 
26012 1521.2 
2630.3 1535.9 
2677.2 I554.0 
2719.7 1582.1 
2150.9 1598.9 
2792.0 1625.6 
28012 1620.4 
2841.0 1645.8 
28352 1640.0 
28435 1633.9 
28373 1627.7 
28453 16213 

1 1 

3,4!2&gj e - r  ~~~~~.~~~ 
,!!I=- 

2366.4 1381.2 

LOAD 

20 
48 
60 
69 
75 
80 
94 
I I5 

I32 
135 
137 
139 
142 
144 
147 
I50 
155 
160 
162 
165 
I 6 9  
172 
176 

181 
182 

184 
185 

0 

mam 

in 

183 

- 
)U 

( I 4  

1.00 
1.00 
1 .m 
1 .00 
1 .OO 
I .oo 
I .00 
0.99 

0.98 
0.98 
0.97 
0.97 
0.96 
0.96 
0.95 
0.94 
0.93 
0.92 
0.92 
0.91 
0.90 
0.89 
0.88 
0.87 

0.86 
0.85 
0.84 
0.83 

gf$$&$ 

0.87 

0.0 
(A) 

0 
0.41 
0.37 
035 
0.33 
033 
029 
0.21 

0.14 
0.14 
0.13 
0.12 
0.1 I 
0.11 
0.10 
0.09 
0.08 
0.07 
0.07 
0.06 
0.05 
0.05 
0.04 
0.04 
0.03 
0.03 
0.03 
0.03 
0.02 

PWMISDk 
8/4/2004 

w---- &@.n?7&@ 

0.5 
I .o 
1 .5 
2.0 
2.5 
4.2 
8 3  

16.7 
21.7 
25.0 
292 
36.7 
41.7 
50.0 
583 
66.7 
792 
83.3 
91.7 
100.0 
1083 
116.7 
125.0 
133.3 
141.7 
150.0 
1583 
166.7 

.gglZ:$;= 

-I 
ESTRESS TEm 
3 a 4 1  DATE 

CHECKEE 
@ FAILURE RATIO Q FAILURE @ FAILURE 

REVIEWEE 
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AUGUST 2004 043-22464001 

TRIAXUL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

PROJECT NAME: 
PROJECTNUMBER: 043-22464001 
SAMPLEID: 

ROCKY FLATS/FIELD AND JAB TESTING/CO 

PF-7 DEPm - SampleI)pe: Bulk 
0 

864 118.7 123 
12% 118.7 122 

D 

JSCS 

STRESSSTRAIN CURVE 

gavel. somc silty clay. I 
(se) I 

10 11 14 '16 18 m 0 1 .  4 6 8 

Yo STRAIN I 
STRESS RATIO-sw CURVES 

6 8 10 12 14 16 18 m 0 1 4 

Yo STRAIN 

PoREPREssuRE~cuRw 

I 

I 6 8 10 11 14 16 0 a 
Yo sTRAJ.N D 

oc\o 1 2 3 

Soil Description 
IBrown, COARSE To RNE SAND, SOM fine 

Comments 
Sample was remldcd to epprorr 95% of the 

Dry Jknsity, @ Opt. Mo&ure colltcrrt +2%. 

Failurt based on effective stress ntio 
or 15% stmia 

REVIEW -- _ _  - 
-1 - T 



UGUST 2004 043-2246-0001 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
A!XM D 4767 

2 
3 

PROJECT NAME: 
PROJECT NUMBER: 043-22&0001 
SAMPLEID: 

ROCKY FLAWIELD AND LAB TESTINGICO 

PF-7 DEPm - SampleType.: Bulk 

0.10 79 2 96.0 
0.10 78.1 95.5 

3000 

0 
0 

STRESS PATH 

I I a' P 1423 psf C' P 166.2 psf I 

. ' MOaR STRESS CIRCLES 
3600 - 

tooo. 

1000.. 

0 

407 

2 864 118.7 12.3. 
12% 118.7 . 122 3 

Soil Description 
BrowqCOARSETDFINESAND,somefine 
gravel 5 silty day. 

I 

JSCS (SC) I 
LL PL PI . 

I . -  I I I 
Comments 

dedtoapprox95%ofh 
@ OptMoktlrrecontent+24c 





WLETYPE VOLUME OF VOIDS 
EPTH INTERVAL VOID RATIO 
ACHINE SPEED (id&) 

ELL PRESSURE @si) SPECIFIC GRAVITY 
W L E  PRESSURE (psi) 
FF. CONSOLIDATION 

r m  RATE (omrmin) Yo MOISTURE 

MOIST DENSITY @d) 
DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS WTARE69 
VOLUME OF VOlDS 

WT SOIL & TARE, MOIST (9) 
WT SOIL &TARE. DRY (9) 

WT MOISTURE (g) 
Mounting M d h o d l W e t I  VOID RATIO 

.msuRE. UJ (psi) 

.wsURE. e 3  (PSO 
MAL 'B" VALUE 

0.0W 
0.002 
0.006 
0.009 
0.012 
0.015 
0.021 

0.070 
0.092 
0.121 
0.146 
0.172 
0.195 
0219 
0270 
0319 
0370 
0.422 
0.470 
0.520 
0.567 
0.621 
0.671 
0.720 
0.773 
0.817 
0.873 
0923 
1 .OOo 

0.046 

w 
13 
30 
35 
38 
42 
45 
49 
55 
55 
56 
M 
56 
56 
56 
57 
58 
59 
60 
61 
63 
63 
64 
66 
67 
68 
69 
71 
70 
71 
72 

WT DRY SOIL (g) 

ni .8  
865.7 
926.6 
994.6 
1060.4 
11563 

1346.9 
13622 

13533 '_ 

13763 
1367.4 
1383.6 
1394.0 
14225 
1467.0 
1473.8 
14932 
1522.0 
1547.5 
15375 
1553.7 
15723 
1589.1 
1603.4 
1630.8 
1659.8 
1644.9 
1651.4 
1661.6 

%MOISTURE 

1 .oo 432.0 
360.0 214 565.9 
3312 2.61 598.4 
316.8 2.92 621.7 
302.4 3.29 648.5 
302.4 3.51 681.4 
302.4 3.82 729.4 
345.6 392 849.5 
345.6 3.90 8462 
360.0 3.78 861.1 
374.4 3.68 875.3 
374.4 3.65 mo.9 
374.4 3.70 879.0 
388.8 359 891.4 
4032 * 353 912.8 
432.0 3.40 949.5 
432.0 3.41 952.9 
432.0 3.46 962.6 
446.4 3.41 9842 
446.4 3.47 997.0 
446.4 3.44 991.9 
446.4 3.48 lo00.1 
446.4 3.52 1009.4 
446.4 3.56 1017.7 
446.4 3.59 1024.9 
4752 3.43 1053.0 
4752 3.49 10675 
4752 3.46 1060.0 
4752 3.48 10633 
489.6 339 1075.6 

SATURATION I 16.77 I 1 (minutes) 

'IIMB 

0.0 
0 3  
1 .o 
1.5 
2.0 
2.5 
3 5  
7.7 - 
11.7 
153 
202 
243 
28.7 
325 
365 
45.0 
532 
61.7 
70.3 
783 
86.7 
94.5 
103.5 
111.8 
120,o 
128.8 
1362 
145.5 
153.8 
166.7 

I 
DU 

- mm 

&!EL 
PRESS. 

813 
81.8 
82.0 
82.1 
822 
822 
822 
819 
81.9 
81.8 
81.7 
81.7 
81.7 
81.6 
81.5 
813 
813 
813 
812 
812 
81.2 
812 
812 
812 
81.2 
81.0 
81.0 
81.0 
81.0 
80.9 

DU 0 
0 

0.0 
72.0 
100.8 
115.2 
129.6 
129.6 
129.6 
-86.4 
86.4 
72.0 
57.6 
57.6 
57.6 
432 
28.8 
0.0 
0.0 
0.0 

-14.4 
-14.4 
-14.4 
-14.4 
-14.4 
-14.4 
-14.4 
-432 
-432 
4 3 2  
4 3 2  
-57.6 

Q FAILURE 

- 
8 

9bmWl.N 
("A) 
0.00 
0.03 
0.10 
0.15 
020 
025 
035 

- 0.77 , 
1.18 
1.55 
2.03 
2.45 
2.89 
3.28 
3.68 
4.53 
536 
621 
7.09 
7.89 
8.73 
9.52 
10.43 
11.27 
12.09 
12.98 

14.66 
15.50 
16.80 

i3.n 

(la) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.99 
0.98 
0.98 
0.98 
0.97 
0.97 
096 
0.95 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 

0.86 
0.85 
0.84 
0.83 

0.99 , 

0.81 

/ 

corn 
AREA 

6.08 
6.08 
6.09 
6.09 
6.10 
6.10 
6.10 
&6.13 
6.16 
6.18 
621 
624 
626 
629 
632 
637 
6.43 
6.49 
655 
6.60 
6.67 
6.72 
6.19 
6.86 
692 
699 
7.05 
7.13 
720 
731 

DEWATO 

(in 2) 

_ _  

- 
@ FAILURE 

corn 
H B I W  

03 
5.954 
5952 
5.948 
5.945 
5942 
5939 
5933 

-- 5.908 
5.884 
5.862 
5.833 
5.808 
5.782 
5.759 

5.684 
5.635 
5.584 
5.532 
5.484 
5.434 

5333 
5283 
5234 
5.181 
5.137 
5.081 
5.031 
4.954 

[C sTRm 

5.735 

5387 

- 

DEV. 
STRESS 

0.0 
411.8 
534.5 
609.8 
6922 
758.0 
853.9 
1001.7 
10013 
10022 
1001.9 
993.0 
10092 
10052 
10193 
1035.0 
1041.8 
10612 
1075.6 
1101.1 
1091.1 
11073 
1125.9 
11427 
1157.0 
1155.6 
1184.6 
1169.7 
I1762 
1172.0 

0 

SIGMA 1 * 
@I) 

432.0 
843.8 
9665 
1041.8 
11242 
1190.0 
1285.9 
1439.7 ,_ 
14333 
14342 
1433.9 
1425.0 
14412 
14372 
14513 
1467.0 
1473.8 
14932 
1507.6 
1533.1 
1523.1 
15393 
1557.9 
1574.7 
1589.0 

1616.6 
1601.7 
16082 
1604.0 

1sm.6 

432.0 432.0 

l9.89.d 

(Q) 
0.0 

205.9 
2672 
304.9 
346.1 
379.0 
427.0 
503.9 
500.6 
501.1 
500.9 
496.5 
504.6 
502.6 
509.6 
517.5 
520.9 
530.6 
537.8 
550.6 
545.5 
553.7 
563.0 
5713 
5785 
577.8 
5923 
584.8 
588.1 
586.0 - 

TECH 
DATE 

I 

~FFECllVEPRINCIPLES"RESS 
RATIOQFAJLURE 

CHECKED 

0 
0.00 
0.17 
0.19 
0.19 
0.19 
0.17 
0.15 
0.09 
0.09 
0.07 
0.06 
0.06 
0.06 
0.04 
0.03 
0.00 
0.00 
0.00 
-0.01 
4.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.04 
-0.04 
-0.04 
-0.04 
-0.05 

PWM/SDM 
m0rn4 



<O.fECT NUMBER 
W L E  ID 
W L E W E  VOLUMEOFVOIDS . 
EPTH INTERVAL VOID RATIO 
iACHINE SPEED (idmin) 
r m  RATE (we) % MOISTURE 
ELL PRESSURE @si) SPECIFIC GRAVITY WATER CONTENT (% MOISTURE) 
4MPLE PRESSURE (psi) 
FF. CONSOLIDATION 
.IEsSlJR.E, UJ (psi) 
RESSURE. 0- losn 

VOLUME OF SOLIDS 

MOIST DENSITY (pcf) 
DRY DENSITY, calc @d) 
VOLUME OF SOLIDS 
VOLUME OF VOIDS 

WT SOIL 8t TARE, MOIST (g) 
WT SOIL & TARE. DRY (9) 

~ - "  . 
MAL "B' VALUE 1 ~ 1  ~Omting ~ e t h o d l ~ e t ~  VOID u n o  
>(minutes) 0.41 SATURATION 

TIMB 

0.0 
03 
0.8 
13 
1.8 
2.3 
2.8 
3 3  
7 3  
11.5 i - 
155 
20.0 
242 
283 
323 
362 
45.0 
532 
61.5 
703 
783 
86.7 
95.0 
103.7 
112.0 
1202 
128.7 
136.8 
145.5 
1622 

L E E L  

ACCUU 
DEFLECT. 

(incbcs) 
O.OO0 
0.002 
0.005 
0.008 
0.01 1 
0.014 
0.017 
0.020 
0.045 
0.069 
0.093 

0.145 
0.170 
0.194 
0217 
0270 
0319 
0369 
0.422 
0.470 
0520 
0.570 
0.622 
0.672 
0.721 
0.772 
0.821 

0973 

o.im 

0.1373 

- 

AXIAL 
LOAD 

14 
36 
44 
50 
55 
58 
61 
63 
67 

I--. 66. ; 
65 
64 
65 
64 
64 
65 
65 
66 
66 
67 
67 
68 
69 
69 
70 
70 
71 
72 
73 
75 

0 

2 -  - 

mra p w p h ~  

@wJ (4 
PRESS. D U O  

81.4 0.0 
826 372.8 
83.0 230.4 

83.5 302.4 
83.6 316.8 
83.7 3312 
83.8 345.6 
84.1 388.8 

842 4032 
843 417.6 
843 417.6 
843 417.6 
843 417.6 
843 417.6 
84.4 4320 
84.4 4320 
84.4 432.0 
843 417.6 
84.4 432.0 
84.4 432.0 
84.4 432.0 
84.4 4320 
84.4 4320 
843 417.6 
84.4 4320 
84.4 432.0 
843 417.6 
843 417.6 

833 213.6 

,;.-; 842, ' -  4032 # -  

8 

% STRAIN 

0.00 
0.03 
0.08 
0.13 
0.18 
023 
028 
034 
0.75 
1.16 
1.56 
2.01 
2.43 
285 
3.25 
3.64 
4.52 
535 
6.18 
7.07 
7.88 
8.71 
935 
10.42 
1126 
12.08 
12.94 
13.76 
14.63 
1630 

(%I 
( 1 4  - 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.99 

- 0.99 
0.98 
0.98 
0.98 
0.97 
097 
0.96 
0.95 
0.95 
0.94 
093 
092 
0.91 
0.90 
0.90 
0.89 
0.88 
0.87 
0.86 
0.85 
0.84 

CORR 
AREA 

6.06 
6.06 
6.06 
6.06 
6.07 
6.07 
6.07 
6.08 
6.10 
6.13 : 
6.15 
6.18 
621 
623 
626 
628 
634 
6.40 
6.46 
632 
6.57 
6.63 
6.70 
6.16 
6.02 
6.89 
696 
7.02 
7.09 
7 24  

PEVIATO 

(in 2) 

@ FAILURE 

CORR. 
HEIGHT 

(in) 
5.968 
5966 
5.963 
5.960 
5.957 
5954 
5.951 
5.948 
5923 

, > /.-m 7. 
5.1375 
5.848 
5.823 
5.798 

5.751 
5.698 
5.649 
5599 
5.546 
5.498 
5.448 
5398 
5346 
5296 
5247 
5.1% 
5.147 
5.095 
4995 

CSTRES 

5.774 

- 

DEV. 
STRESS 

0.0 
5205 
7222 
8619 
9683 
1057.9 
ll2l.4 
1 I659 
1255.4 
1222.1 

11789 
1183.1 
1168.8 
11663 
1173.1 
1157.7 
11658 
1159.9 
1168.8 
1174.1 
1178.6 
1182.8 
11a2.1 
1185.8 
1181.1 
11903 
1201.6 

1215.9 

@sf) 

12io.i 

1201.7 

SIGMA 1 
dnrstr+rp 
h) 

864.0 
13845 
I5862 
17259 
18323 
19219 
1985.4 
20299 
2119.4 
2086.1 ;= 

2074.1 
20429 
2047.1 
2032.8 
20303 
2037.1 
2021.7 
2029.8 
20239 
20328 
2038.1 
20426 
2046.8 
2 w . 1  
2049.8 
2045.1 
20543 
2W.6 
2065.7 
20799 

SIGMA 1 
EFF. 

A!!sL 
864.0 
1211.7 
1355.8 
1452.3 
1529.9 
1605.1 
16542 
16843 
1730.6 
l682$-- 
16709 
16253 
1629.5 
16152 
16127 
16195 
1589.7 
1597.8 
15919 
16152 
1606.1 
1610.6 
1614.8 
1614.1 
1617.8 

16223 
1633.6 
1648.1 
16623 

16215 

SIGMA 3 
EFF. 

864.0 
6912 
633.6 
590.4 
561.6 
5472 
532.8 
518.4 
4752 

460.8 
446.4 
446.4 
446.4 
446.4 , 
446.4 
432.0 
432.0 
432.0 
446.4 
432.0 
4320 
4320 
4320 
4320 
446.4 
4320 
432.0 
446.4 
446.4 

PRINCII 

0 

j 460.8 , I 

RATIO @ PALLURE 

WTTAREk) 
WT MOISTURE (9) 
WT DRY SOIL (g) 
% MOISTURE 

EFFSRN 
STR RAT10 

1.00 
1.75 
2.14 
2.46 

2.93 
3.10 
325 
3.64 
3.65 - 
3.63 
3.64 
3.65 
3.62 
3.61 
3.63 
3.68 
3.70 
3.69 
3.62 

3.73 
3.74 
3.74 
3.74 
3.65 
3.76 
3.78 
3.69 

(W 019 

2 . n  

3 . n  

3 . n  

1 

0 
864.0 
9515 
994.7 
1021.4 
1045.7 
10762 
1093.5 
11013 
1102.9 
1071.8 
1065.8 
1035.8 
1038.0 
1030.8 
1029.5 
1032.9 
1010.9 
1014.9 
10120 
1030.8 
1019.0 
1021.3 
1023.4 
1023.0 
1024.9 
1036.9 
1027.1 
1032.8 
10472 
10543 

2603 033 
361.1 032 
431.0 032 
484.1 03 1 
529.0 030 
560.7 030 
5029 030 
621.7 031 
611.0 033 
605.0 033 
589.4 035 
591.6 035 
584.4 036 
583.1 036 
586.5 036 
578.9 037 
582.9 037 
580.0 037 
584.4 0.36 
587.0 037 
5893 037 
591.4 037 
591.0 037 
592.9 OM 
5905 0.35 
595.1 036 
600.8 0.36 
600.8 035 
607.9 034 

CHECKED 
REVIEWED 



Tr - - 
.<OJECT TITLE ROCKY FLATSlFlELD AND LAB TESTING/CO MITIAL SAMPLE DATA 

W L E  ID PF-8 DIAMETER VOLUME OF SOLIDS 

W L E T Y P E  
EFI'H MTERVAL VOID RATIO 
l A C W  SPEED (in/&) 0.006 WEIGHT (g) 
rRAlN RATE (Y'min) 0.10 %MOISTURE 
ELL PRESSURE (psi) SPECIFIC GRAVITY WATER CONTENT ("h MOISTURE) 
AMPLE PRESSURE (psi) 80.0 MOIST DENSITY (pet) WT SOIL & TARE, MOIST (g) 

FF. CONSOLIDATION 
RESSURE, uJ (psi) 

MAL "B" VALUE 
0 (minutes) 

XOJECrNuMBER 043-2246-0001 i - DRY DENSITY, d C  (pc9 

Bulk AREA VOLUME OF VOIDS 

DRY DENSITY, cslc (pcf) 

VOLUME OF VOIDS 

SATURATION 

WT SOL & TARE, DRY (9) 

WT MOISTURE (g) 
WT DRY SOIL (g) 
% MOISTURE 

VOLUME OF SOLIDS WTTARECg) 

Mounting M e t h d v ]  VOID RATIO 
-SURE, =3 @s9 

16.45 

0 3  
0.8 
1 3  
1.8 
2 3  
2.8 
32 
7 3  
11.5 
14.7 
19.7 
23.8 
282 
32.0 
35.8 
405 
445 
52.8 
613 
69.8 

863 
94.7 
1033 
150.0 
1583 
166.7 
0.0 
0.0 

77.5 

0.002 
0.005 
0.008 
0.011 
0.014 
0.017 
0.019 
0.044 
0.069 
0.088 
0.118 * 

0.143 
0.169 
0.192 
0215 
0243 
0267 
0317 
0368 
0.419 
0.465 
0.518 
O M 8  
0.620 
0900 
0.950 
1 .OOo 

- 
AxlAL 
LOAD 

14 
45 
53 
59 
63 
65 
68 
69 
73 
72 
71 
71 : 
70 
70 
69 
69 
69 
69 
69 
70 
70 
71 
71 
72 
72 
72 
72 
72 

(IW 

- 
)U 

Po= 
PRESS. 

813 
83.2 
83.6 
83.9 
84.1 
843 
84.5 
84.7 
85.4 
85.7 
85.9 

- r ,  e&O 
86.1 
862 
862 
863 
863 
86.4 
86.4 
86.4 
86.4 
86.4 
86.4 
86.4 
86.4 
86.4 
86.4 
86.4 

@si)..v 

'wp h g t -  

DU @sf) 
(=I . 
213.6 
0.0 

3312 
374.4 
4032 
432.0 
460.8 
489.6 
590.4 
633.6 
662.4 
676.8 
6912 
705.6 
7054 
720.0 
720.0 
734.4 
734.4 
734.4 
734.4 
734.4 
734.4 
734.4 
734.4 
734.4 
734.4 
734.4 

-1 17072 
-117072 

0.03 
0.08 
0.13 
0.18 
023 
029 
032 
0.74 
1.16 
1.48 

- 1.98 
2.40 
2.84 
322 
3.61 
4.08 
4.48 
532 
6.17 
7.03 
7.80 
8.69 
9.53 
10.40 
15.10 
1594 
16.78 
0.00 
0.00 

1.00 
1.00 
1.00 
1.00 
1.00 

' 1.00 
1.00 
0.99 
0.99 
0.99 
0.98 
0.98 
097 
0.97 
0.96 
096 
0.96 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.85 
0.84 
0.83 
1.00 
1.00 

6.00 
6.00 
6.00 
6.01 
6.01 
6.01 
6.01 
6.04 
6.07 
6.08 

6.14 
6.17 
6.19 
622 
625 
628 

639 
6.45 
650 
6.57 
6.63 
6.69 
7.06 
7.13 
720 
5.99 
5.99 

, 6.12. ' _ j  

633 

6 corn CORR DEV. SIGMA1 SlGMAI SIGMA3 
%STRAIN (16) AREA M?Im STRESS dewtMp EFF. Em. 

(%A) (in 2) (in) @at) (ad Pl-du) (%VI 
0.00 1.00 5.99 5961 0.0 1296.0 1296.0 1296.0 

7612 
948.0 
1081.9 

12413 
1293.4 
1333.7 
14282 
1388.9 
1365.5 
13562 
1324.6 
1311.7 
12832 

i i m  

ins.8 
12765 
in1.i 
1266.8 
1280.1 
1268.4 
3262,4 
1265.5 

1256.9 
1193.0 
11812 
1169.5 
-3243 
-3243 

n n . 8  

I I 

5.959 
5956 
5.953 
5950 
5947 
5944 
5942 
5.917 
5.892 
5.873 

- 5.843 
5.818 
5.792 
5.769 
5.746 
5.718 
5.694 
5.644 
5.593 
5.542 
5.4% 
5.443 
5393 
5341 
5.061 
5.011 
4.961 
5961 
5.%1 

20572 
2244.0 

24732 
23373 
2589.4 
2629.7 
27242 
2684.9 
2661.5 

2620.6 
2607.7 
25792 
2571.8 
257u 
2567.1 
2562.8 
2576.1 
2564.4 
2558.4 
25615 
2573.8 
2552.9 
2489.0 

24655 
971.7 
971.7 

2377.9 

26=- :- 

24772 

1783.6 
1912.8 
20035 
2070.0 
21053 
2128.6 
2140.1 
2133.8 

1999.1 
1975.4 
1929.4 
1902.1 

1851.8 
18525 
1832.7 
1828.4 
1841.7 
1830.0 
1824.0 
1827.1 
1839.4 
1818.5 
1754.6 
1742.8 
1731.1 
12678.9 
12678.9 

rnsi.3 

im3.6 

lOP.4 
964.8 
921.6 
892.8 
864.0 
835.2 
806.4 
705.6 
662.4 
633.6 

8-6192- 
604.8 
590.4 

576.0 
576.0 
561.6 
561.6 
561.6 
561.6 
561.6 
561.6 
561.6 
561.6 
561.6 
561.6 
561.6 

13003.2 
130032 

590.4 , 

EFFSRN 
m RATIO 

1.00 
I .74 
1.98 
2.17 
232 
244 
2.55 
265 
3.02 
3.10 
3.16 
3.19 
3.19 
322 
3.17 
321 
3.22 
326 
326 
328 
326 
325 
325 
328 
324 
3.12 
3.10 
3.08 
0.98 
0.98 

(a<~0J9 
1 

(0 
1296.0 
1403.0 
1438.8 
1462.5 
1481.4 
1484.7 
1481.9 
14732 
1419.7 
1356.9 
1316.4 
32973 
1267.1 . 
12462 
1232.0 
1213.9 
12142 
I1972 
1195.0 
1201.7 
1195.8 
1192.8 
1194.4 
12005 
1190.0 
1158.1 
11522 
1146.3 
12841.1 
12841.1 

1 

(Q) (4 
0.0 0 

380.6 036 
474.0 035 
540.9 035 
588.6 0.34 
620.7 035 
646.7 036 
666.8 037 
714.1 0.4 I 
694.5 0.46 
682.8 0.49 
618. I 030 
662.3 0.52 
655.8 0.54 
641.6 0.55 
637.9 0.56 
6382 0.56 
635.6 0.58 
633.4 0.58 
640.1 0.57 
6342 058 
6312 0.58 
632.8 0.58 
638.9 0.57 
628.4 0.58 
596.5 0.62 
590.6 0.62 
584.7 0.63 
-162.1 36.10 
-162.1 36.10 

I I I I I I I I 
DEVIATORlC STRES!3 EFFECXIVEPIUNCIE 

Q FAILURE prl Q FAILURE -1 RATIO Q FAILURE 
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' 

Jscs 

ULY 2004 043-2246-0001 

Brown, COARSE TO FINE SAND, some fine 
gravel smy: silty clay. 

(sc) ] 

e 
TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 

ASTM D 4767 

PROJECTNAME: ROCKY FLATS/FIELD AND LAB TEsTINC/CO 
PROJECTNUMBER: 043-2246-0001 
SAMPLEID: PF-8 DEPTH: Sarnplel)p: Bulk 

STRESS-STRAINCURVE 

0 2 4 6 8 IO 12 14 16 I8 2o 

Yo STRALN 

STRESS RATIO-STRAIN CURVES 

a 

B 

0 2 4 6 8 10 12 14 16 18 m 
Yo STRAIN 

PORE PRESSURESTRAIN CURVE 

a 2 4 6 8 IO I2 14 16 18 20 

Yo STRAIN 

Avuag~ . 1124 13.6 

Failure based on effective strrss ratio 
or 15% strain. 

REVIEW """- 
. .. 
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043-2246-0001 LY 2004 

TRIAXML COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

PROJECT NAME: 
PROJECT NUMBER 043-22464001 
SAMPLE ID. PF-8  DEPTH: S a m p l e m :  Bulk 

ROCKY FLATSFIELD AND LAB TESTINGlCO 

- 
B 

D 

D 

STRESS PATH 

. .  . . . .  mm 

. y -  0.3888x+ 180.49 

0 
204) 3m 4mo 0 lo00 

P ( u , + u ~ 1 2 @ s 9  

I '  n 0 9.5 ' I 6 9.7 I - 
5 

P 351.8 pd C 

a' P 212 4 '  
a'  P 180.5 psf C '  

*BFFECTNESTRESSPARAMmR *ERK3rmE SlRWGlH PA 

22.9 - - 
P 195.9 psr 

MOHR STRESS CIRCLES 

0 

. .., . *  

I I 

2 
3 

Soil Description 
IB-COARSETOFINESAND. s m  fine 1 

I 

LL. PL PI 
1 - 1  1 - 1  

Failum b w d  on crrcctivC strtss ntio 
or 15% strrin. 
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Mohr data 
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0.3 
13 
2.0 
3.0 
4.0 
8 3  
11.7 
15.7 
20.5 
24.7 
292 
32.5 
36.8 
45.7 
533 
622 
70.7 
78.8 

95.0 
104.0 
112.5 
1205 
I293 
136.7 
1462 
1543 
160.0 
1653 

mz 

0.002 
0.008 
0.012 
0.018 
0.024 
0.050 
0.070 
0.094 
0.123 
0.148 
0.175 
0.195 
0221 
0274 
0320 
0373 
0.424 
0.473 
0.523 
0.570 
0.624 
0.675 
0.723 

0.820 
0.m 
0.926 
0960 
0992 

0.176 

3.0 
432.0 

I .oo 
0.15 

AMAt 
LOAD 

13 
26 
42 
47 
54 
64 
83 
98 
110 
119 
125 
130 
133 
135 
141 
145 
150 
153 
1% 
160 
163 
167 
170 
173 

179 
183 
186 

189 

- 

obs) 

in 

im 

VOLUME OF SOLIDS 
VOLUME OF VOIDS 

Mounting M e t h o d V 1  VOID RATIO 
S A W T I O N  

FORE Pwpchang 
PRESS. D U O  
@.w (act) 

81.4 0.0 
81.9 72.0 
82.4 144.0 
825 158.4 
82.5 158.4 
MA 144.0 
81.4 0.0 
80.4 -144.0 
79.5 -273.6 
792 -316.8 
789 -360.0 
78.4 -432.0 
ns -504.0 

n.5 -561.6 
77.4 -576.0 
773 -590.4 
769 -648.0 
76.8 -662.4 
76.7 -676.8 
76.6 -6912 
76.4 -720.0 
763 -748.0 
76.0 -m.6 
759 -792.0 
75.8 406.4 
75.8 -806.4 
75.8 -806.4 
75.6 -8352 
75.4 -864.0 

n.6 ~ -5472 

S 

SC STRAIN 

0.00 
0.03 
0.13 
020 
030 
0.40 
0.84 
1.17 
1.57 
2.06 
247 
2.92 
326 
3.69 
458 
535 
623 
7.09 
791 
8.74 
953 
10.43 
I128 
12.08 
1297 
13.71 
14.66 
15.48 
16.05 
1658 

A 
( I - 4  

1.00 
1 .00 
1 .00 
1 .00 
1.00 

0.99 
0.99 
0.98 
0.98 
0.98 
097 
0.97 
0.96 
0.95 
095 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 

0.86 
0.85 
0.85 
0.84 
0.83 

1.00 : 

0.87 

- 
CORR 
AREA 
(ii 2) 
6.10 
6.11 
6.11 
6.12 
6.12 
6.13 ' 
6.15 
6.18 
620 
623 
626 
629 
6 3  1 
634 
6.40 
6.45 
6.51 
657 
6.63 
6.69 
6.75 
6.81 
6.88 
6.94 
7.01 
7.07 
7.15 
722 
727 
732 

)EMAT0 
Q FAILURE 

- 

a3RR 
HEIGHT 

(in) 
5.983 
5.981 
5.975 
5.971 
5.%5 

5.933 
5.913 
5,889 
5.860 
5.835 
5.808 
5.788 
5.762 
5.709 
5.663 
5.610 
5559 
5510 
5.460 
5.413 
5359 
5.308 
5260 
5207 
5.163 
5.106 
5.057 
5.023 
4991 

IC SIlRESl 

: 5959 - 

- 

316.0 748.0 676.0 360.0 
695.1 1127.1 983.1 288.0 
810.0 1242.0 1083.6 213.6 
9762 14082 1249.8 213.6 
11209 15529: ' 1408.9 288.0 
1642.4 2074.4 2074.4 432.0 
2002.9 2434.9 2578.9 576.0 
m . 9  26939 29675 705.6 
2456.4 2888.4 32052 748.8 
25863 30183 33783 792.0 
2682.0 3114.0 3546.0 864.0 
nsos 311123 36863 936.0 
2783.4 3215.4 3762.6 9792 
28929 3324.9 38865 993.6 
2967.8 3399.8 3975.8 1008.0 
30352 34672 4057.6 1022.4 
30843 35163 41643 1080.0 
31223 35543 4216.7 1094.4 
3111.5 36035 42803 1108.8 
3216.8 3648.8 4340.0 11232 
3260.8 3692.8 4412.8 1152.0 
3300.9 37329 4481.7 1180.8 
3318.7 3750.7 45203 1209.6 
3379.8 3811.8 4603.8 1224.0 
3398.0 3830.0 4636.4 1238.4 
3426.9 3856.9 46633 1238.4 
3453.9 38859 46923 1238.4 
34643 38963 47315 12672 
3471.8 3903.8 4767.8 1296.0 

EFFm 
iTR RATIC 

( 6 1  ai) 
1 .00 
1.88 
3.41 
3.96 
437 
4.89 
4.80 
4.48 
421 
428 
4.27 
4.10 
3.94 
3.84 
3.91 
394 
3.97 
3.86 
3.85 
3.86 
3.86 
3.83 
3.80 
3.74 
3.76 
3.74 

3.79 
3.73 
3.68 

3.77 

L 

EFFECl'lVEPRINCIX 

1 

0 
432.0 
5 18.0 
635.5 
678.6 
761.7 
848.4 
12532 

1836.5 
1977.0 
2085.1 
2205.0 
23112 
2370.9 
2440.0 
2491.9 
2540.0 
26222 
2655.6 
2694.5 
273 1.6 
2782.4 
28312 
2869.0 
2913.9 
2937.4 
2950.9 
2965.3 
2999.4 
303 1.9 

15715 

158.0 
347.5 
405.0 
488.1 
560.4 
8212 
lW15 
1130.9 
12282 
1293.1 
1341.0 
13752 
1391.7 
1446.4 
1483.9 
1517.6 
Is422 
15612 
1585.7 
1608.4 
1630.4 
1650.4 
1659.4 
1689.9 
1699.0 
17125 
1726.9 
17322 
1735.9 

023 
021 
020 
0.16 
0.13 
0.00 
4.07 
4.12 
4.13 
4.14 
4.16 
4.18 
4 2 0  
4.19 
4.19 
4.19 
421 
4 2 1  
421 
4 2 1  
422 
423 
423 
4.23 
4 2 4  
4 2 4  
423 
4 2 4  
425 

0.0 0.00 

CHECKED 
REVIEWED 

: I  

i 
. .  
. .  

' i  

. .  

I 



ZOJEm TITLE 
XOJECT NUMBER 043-22464001 
4MPLE ID PF-9 
4MPLETYPE Bulk 
EPTH INTERVAL 

ROCKY FLATWIELD AND LAB TESTlNGlCO INITIAL SAMPLE DATA 
HEIGHT 
DIAMETER 
AREA 
VOLUME 

IACHINE SPEED ( i m i n )  
I'RAIN RATE (Wmin) 
ELL PRESSURE (psi) 
AMPLE PRESSURE @si) 

0.006 WKXT (g) 
0.10 % MOISTURE 
86.0 SPECIFIC GRAVITY 
80.0 MOIST DENSITY 

( 1 9  

1 .00 
1 .oo 
1 .oo 
1.00 
1.00 
1 .00 
1.00 
1.00 
0.99 
0.99 
0.98 
0.98 
0.98 
0.97 
097 
0.96 
095 
0.95 
094 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 
0.87 
0.86 
0.85 
0.85 

corn 
AREA 
(in 2) 
6.07 
6.07 
6.08 
6.08 
6.08 
6.09 
6.09 
6.10 
6.12 
6.14 
6.17 
620 
622 
6.25 
628 
6.30 
636 
6.42 
6.48 
653 
659 
6.65 
6.7 I 
6.78 
6.84 
6.91 
6.98 
7.04 
7.11 
7.18 

I- 
DEVIATORIC STRES 

t COWCT@D SAMPLE DATA 
DRY DENSITY, calc @cf) 
VOLUME OF SOLIDS 
VOLUME OF VOIDS 
VOID MTIO I 0.405 I 

WATER CONTENT (% MOISTURE) 
WT SOIL &TARE. MOIST (g) 
WT SOIL &TARE, DRY (g) 
WTTAREb) 
WT MOISTURE (g) 
WT DRY SOIL (g) 
Yo MOISTURE 

-1 
FF. CONSOLIDATION 
RESSURE. 4 b 3  
RESsURE,o30 

0 (minutes) 
MAL 'B" VALUE 

DRY DENSITY, calc @6) 1143.28 

14.60 

VOLUME OF SOLIDS 
VOLUME OF VOIDS 

SATURATION 
~ounting M~MVI VOID RATIO 

6.0 
864.0 
1 .oo 
0.16 

AXIAL 

- - - - pwpmsngp 

0 
DU w 

0.0 
230.4 
2592 
316.8 
345.6 
374.4 
374.4 
388.8 
273.6 8 

129.6 
28.8 
-432 
-86.4 
-1152 
-129.6 
-144.0 
-158.4 
-158.4 
-172.8 
-172.8 
-1m.z 
-1m 
-216.0 
-216.0 
-230.4 
-244.8 
-2592 

-288.0 
-302.4 

-273.6 

- 
a 

0 
864.0 
9323 
955.6 
1007.9 
1061.7 
1104.8 
1160.0 
1252.5 
16795 
1979.0 
2185.6 
2311.8 
23872 
24292 
2444.7 
2478.9 
24995 
2499.4 
2536.7 
25453 
2570.5 
2579.9 
2617.0 
2643.4 
26702 
2703.7 
2733.0 
2753.6 
2790.9 
2819.0 

E 

n STRAIN 

0.00 
0.05 
0.08 
0.15 
020 
025 
030 
0.40 
0.84 
1.19 
1.59 
2.w 
2.46 
2.89 
3.28 
3.71 
456 
537 
6.25 
7.09 
7.91 
8.78 
956 
10.45 
1130 
12.10 
12.99 
13.76 
14.65 
1550 

0 

cola 
mm 

5.981 
5.978 
5.976 
5372 
5.969 
5.966 
5.%3 
5.957 
5931 
5.910 
5.886 
5.859 
5.834 
5.808 
5.785 
5.759 
5.708 
5.660 
5.607 
5.557 
5.508 
5.4% 
5.409 
53% 
5305 
5.257 
5204 
5.158 
5.105 
5.054 

0 

ACCUU 
DWLECl. 

O.OO0 
0.003 
0.005 
0.009 
0.012 
0.015 
0.018 
0.024 
0.050 
0.071 
0.095 
0.122 
0.147 
0.173 
0.1% 
0222 

0321 
0374 
0.424 
0.473 
0.525 
0.572 
0.625 
0.676 
0.724 
0.777 
0.823 

0927 

(iichcs) 

o n 3  

0.876 

FORE 
PRESS. 

815 
83.1 
833 
83.7 
83.9 
84.1 
84.1 
842 
83.4 
82.4 
81.7 
812 
80.9 
80.7 
80.6 
80.5 
80.4 
80.4 
803 
803 
802 
802 
80.0 
80.0 
799 
79.8 
79.7 
79.6 
795 
79.4 

@s')lv 

E F F m  ~- 

STR RATlc 

1 .00 
I .94 
2.16 
2.68 
3.10 
351 
3.74 

4.69 
4.39 
4.23 
4.10 
4.02 
3.96 
3.92 
392 
3.89 
3.89 
3.89 
3.91 
3.89 
3.91 
3.85 
3.90 
3.88 
3.88 

3.84 
3.85 
3.83 

5 m  
4.69 

(W -17 

4.27 

3.81 

- 

UlAD 

13 
38 
43 
52 
59 
65 
70 
79 
106 
1 I9 
129 
134 
137 
139 
140 
142 
144 
145 
148 
150 
152 
154 
1% 
160 
163 
166 
I69 
171 
175 
178 

oas) 

,v 

a 

0.0 
298.7 
350.8 
460.7 
5433 
6152 
670.4 
7173 
IO89.f - 

1244.6 
1350.4 
1404.6 
1436.8 
1450.0 
1451.1 
1470.9 
1477.1 

1499.9 
1508.5 
15193 
1528.7 
1537.0 
1563.4 
1575.8 
1594.9 
1609.8 
1616.0 
1638.9 
1652.6 

(Q, 

1477.0 

- 
TECH 
DATE 

CHECKED 

TIMB 

0.0 
@ s t ) .  
0.0 

597.4 
7015 
9213 
1086.6 
1230.4 
1340.9 
15545 
2178.1 
24892 
2700.8 
2809.3 
2873.6 
2900.0 
2902.3 
2941.7 
29542 
2954.0 
2999.7 
3017.1 
30385 
3057.4 
3074.0 
3126.7 
3151.7 
31899 
3219.6 
3232.1 

33052 
3m.8 

(A) 
0.00 
039 
037 
0.34 
032 
030 
028 
025 
0.13 
0.05 
0.01 
4.02 
0.03 
-0.04 
4.04 
4.05 
0.05 
-0.05 
0.06 
4.06 
4.06 
-0.06 
4.07 
4.07 
4.07 
-0.08 
-0.08 

4.08 
4.09 
4.09 

PWM/SDM 
812t2004 

0.5 
0.8 
15 
2.0 
2.5 
3.0 
4.0 
8 3 .  
11.8 
15.8 
203 
24.5 
28.8 
32.7 
37.0 
455 
535 
623 
70.7 
78.8 

953 
1042 
112.7 
120.7 
1295 
1372 
146.0 
1545 

87.5 

1461.4 1231.0 633.6 
15655 13063 604.8 
17853 I4685 5472 

2094.4 l720.0 489.6 
2204.9 1830.5 489.6 
24185 2029.7 4752 
3042.1 .,- 27685 S90.4 
33532 3223.6 734.4 
3564.8 3536.0 8352 
36733 37165 907.2 
3737.6 3824.0 950.4 
3764.0 3m92 9792 
37663 3895.9 993.6 
3805.7 3949.7 10080 
38182 3976.6 1022.4 
3818.0 3976.4 1022.4 
3863.7 40365 1036.8 
3881.1 4053.9 1036.8 
39023 4089.7 10512 
3921.4 4108.6 10512 
3938.0 4154.0 1080.0 
3990.7 4206.7 1080.0 
4015.7 4246.1 1094.4 
40539 4298.7 1108.8 
4083.6 4342.8 11232 
4096.1 4369.7 1137.6 
4141.8 e(29.8 1152.0 
41692 4471.6 1166.4 

1950.6 1605.0 5184 

I I I 

EFFECllVEPRINCII 
2178.11 RATIO @ FAILURE 

REVIEWED 



LOJECT TITLE ROCKY FLATWI I'lNG/CO INITIAL SAMPLE DATA an in 
COSECT NUMBER I I HEIGHT 15250 6.004 5.5 
W L E  ID 
W L E T Y P E  Bulk AREA 39.44 6.11 6.08 VOLUME OF VOIDS 
EFTH INTERVAL VOLUME 601.51 36.71 36.34 VOID RATIO 
LACHINE SPEED (inlmin) 0.006 WEIGHT cp) 1286.60 1310.60 
rRAlN RATE (Ominin) 0.10 % MOISTURE 12.5 14.57 

423.68 
171.82 

PF-9 DIAMETER 1.087 2.190 2.182 VOLUME OF SOLIDS 

0.00 
0.05 
0.10 
0.17 
0.20 
025 
035 
8.80 - 
1.17 
1.54 
2.02 
2.43 
2.86 
325 
3.66 
452 
534 
6.22 
7.06 
7.86 
8.73 
9.46 
10.42 
1128 
1206 

13.n 
14.62 
15.46 
16.73 

12.93 

ELLPREsSURE@si) 
4MPLE PRESSURE @si) 

REssuRE,%(Psi) 
FF. CONSOLIDATION 

msms 01 @sf) 
MAL 'B" VALUE 
0 (minutes) 

1 .00 
1 .00 
1 .00 
1 .00 
1.00 
1.00 
1 .00 
0.99 
0.99 
0.98 
0.98 
0.98 
097 
0.97 
096 
0.95 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
090 
0.89 
0.88 

0.86 
0.85 
0.85 
0.83 

0.m 

0.5 
I .o 
1.7 
2.0 
2.5 
35 
8.0 
11.7 
153 
202 
242 
28.5 
323 

45.0 
532 
62.0 
703 
78.3 

95.0 
103.8 
1123 
1202 
128.8 
136.7 
145.7 
154.0 
166.7 

36.5 

87.0 

I .MI 
203 
2.42 
2.74 
3.03 
331 
3.74 

- 429 
420 
4.11 
4.05 
3.98 
396 
3.94 
3.91 
3.91 
3.90 
3.90 
3.90 
3.89 
3.88 
3.m 
3.81 
3.86 
3.84 
3.84 
3.84 

3.82 
3.80 

3.83 

0.003 
0.006 
0.010 
0.012 
0.015 
0.021 
0.048 
0.070 
0.092 
0.121 
0.145 
0.171 
0.194 
0219 
0270 
0319 
0372 
0.422 
0.470 
0.522 
0.570 
0.623 
0.674 
0.721 

0.820 
0.874 
0924 
1 .000 

o.m 

1296.0 
1417.7 
1451.8 
15063 
1539.7 
1581.4 
1672.1 
2093.6 
2393.9 
25763 
2691.1 
2760.0 
2819.4 
2846.6 
2898.9 
29365 
2961.7 
3000.8 
3034.6 
3060.7 
3094.8 
3119.9 
3153.4 
3182.7 
32055 
3238.4 
3237.6 

32942 
3318.1 

3270.6 

1296.0 El 
- 
AMAL 
u)AD 

14 
55 
65 
74 
80 
86 
% 
I25 ' 
140 
149 
155 
157 
161 
162 
165 
168 
171 
174 
178 
180 
184 
186 
190 
193 
195 
199 
200 
204 
207 
211 

obs) 

)U 

SPECIFIC GRAVITY 
MOIST DENSITY (pcf) 
DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS 
VOLUME OF VOIDS 

SATURATION 
Mounting M e t h o d l T I  VOID RATIO 

133.5 
118.7 

423.68 
177.82 
0.420 

FOR6 
PRESS. 

803 
82.8 
83.4 
83.7 
84.0 
842 
84 A 

1 83.8 
a29 
823 
819 
81.6 
81.4 
813 
81.1 
81.0 
809 
80.8 
80.7 
80.6 
80.5 
80.4 
803 
802 
80. I 
80.0 
80.0 
79.9 
79.8 
79.7 

@s')iv 

PWPchsngp 
DU w 

0.0 
360.0 
446.4 
489.6 
532.8 
561.6 
590.4 
m.0 
374.4 
288.0 
230.4 

158.4 
144.0 
I I S 2  
100.8 
86.4 
72.0 
57.6 
432 
28.8 
14.4 
0.0 

-14.4 
-28.8 
4 3 2  
4 3 2  
-57.6 
-72.0 
-86.4 

1872 

6.08 
6.09 
6.09 
6.09 
6.10 
6.10 

-6.13 L 
6.15 
6.18 
621 
623 
626 
628 
6 3  I 
637 
6.42 
6.48 
6.54 
6.60 
6.66 
6.72 
6.79 
6.85 
691 
6.98 
7.05 
7.12 
7.19 
730 

5.974 
5971 
5967 
5965 
5962 
5956 

-_ 5.929- -.  
5907 
5.885 
5.856 
5.832 
5.806 
5.783 
5.758 
5.707 
5.658 
5.605 
5555 
5.507 
5.455 
5.407 
5354 
5303 
5256 
5204 
5.157 
5.103 
5.053 
4977 

%3.5 
12043 
1399.8 
1552.9 
1693.9 
19329 

2944.6 
31365 
3251.0 
3302.4 
3363.6 
33892 
34362 
3482.6 
35043 
3553.6 
3592.4 
36159 
36552 
3676.6 
37149 
3744.6 
3761.4 
3798.4 
3796.8 
3833.9 
3852.4 

2603J. 

3811.4 

221193 
25003 
2695.8 
2848.9 
29899 
3228.9 

4240.6 
4432.5 
4547.0 
4598.4 
4659.6 
46852 
47322 

48003 
4849.6 
m . 4  
49119 
49512 
4972.6 
5010.9 
5040.6 
5057.4 
5094.4 
5092.8 
51299 
5148.4 
5167.4 

3899.1 F- 

4778.6 

WATER CONTENT (% MOISTURE 
WT SOIL & TARE, MOlST (g) 
WT SOIL & TARE, DRY (9) 

- 
SIGMA 1 

EFF. 

1296.0 
18995 
2053.9 
22062 
2316.1 
24283 
2638.5 
,3395.1 
38662 
4144.5 
4316.6 
44112 
45012 
45412 
4617.0 

4713.9 
4777.6' 
4830.8 
4868.7 
4922.4 
49582 
5010.9 
5055.0 
50862 
5137.6 
5136.0 

5220.4 
5253.8 

:FFEClT 

J?!i!L 

46n.8 

m . 5  

WTTARE(9) 
WT MOISTURE (9) 
WT DRY SOlL (g) 
% MOISTURE 

SIGMA 3 
m. 
(wvl 
1296.0 
936.0 
849.6 
806.4 
7632 
734.4 
705.6 

921.6 
lOO8.0 
1065.6 
1108.8 
1137.6 
1152.0 
1180.8 
I1953 
1209.6 
1224.0 
1238.4 
1252.8 
12672 
1281.6 
1296.0 
1310.4 
1324.8 
13392 
13392 
1353.6 
1368.0 
1382.4 

PRMCIP 

; 792.9: 

- I I I I I 

DEVIATORIC STRIBS 
@ F A I L W  vS".ol Q FAILURE I-1 RATIO @ FAILURE 

I 

E S l X E S S  
439 

- 
@d?d 

(Q) 
0.0 

481.7 
6022 
699.9 
776.5 
847.0 
966.5 
1301.6 
14723 
15683 
1625.5 
16512 
1681.8 
1694.6 
1718.1 
17413 
1752.1 

17%.2 
1807.9 
1827.6 
18383 
1857.4 
18723 
1880.7 
18992 
1898.4 
1917.0 
19262 
1935.7 

- 

1776.8 

- 
TECH 
DATE 

CHECKEP 
REVIEWED 

166.66 

0 
0 

037 
037 
035 
034 
033 
0 3  1 
0.19 
0.13 
0.09 
0.07 
0.06 
0.05 
0.04 
0.03 
0.03 
0.02 
0.02 
0.02 
0.01 
0.01 
0.00 
0.00 
0.00 
4.01 
4.01 
4.01 
4.02 
4.02 
4.02 

PWMlSDM 
am004 



JULY 2004 043-2246-0001 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITE PORE PRESSURE 

0 4 6 8 10 12 14 16 18 m -  
vo STRAIN 

A 

0 AsI?M D 4767 

PROJECT NAME: ROCKY FLATSlFLELD AND LAB TESTINGICO 
PROJJXT NUMBER: 043-22464001 
SAMPLEID: PF-9 DEPTH: SampleType_: Bulk 

D 

B 

STRESSSTRGIN CURVE 

0 2 4 6 8 10 11 14 16 I8 m 
ve STRAM 

STRESS RATIO-STRAIN CURVES 

I 2 I 864 I 118.6 I 12.5 I 
I 3 I 12% I 118.7 I 12.5 I 

Avasge 118.7 12.5 

. .  

PORE PRESSURESTRAIN CURVE 

, 

0 2 4 6 8 10 12 I4 16 I8 m 
Yo STRAIN 

000 1 2 3 

So0 Description 

gravel. somc silty clay. 

lSCS 

LL PL PI 

I I I I 
Comments 
Sample was remolded to appmx 95% of the 
 ax Dry Density. @ Opt. Moisme con ten^ +2%. 

Failure bascd on effective stress ratio 
or 15% strain. 



LY 2004 043-2246-0001 

TRLAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

PROJECT NAME: 

SAMPLEID: PF-9 DEPTH: SampleType: Bulk 

ROCKY FLATWIELD AND LAB TESTING/CO 
PROJECT NUMBER: 043-22464001 - 

D 

B 

D 

STRESS PATH 

W E  SIRB(Gll4 PA 

1 I f 57.7 psf C'  P 72:2 psf a' I 

MOHR STRESS CIRCLES 

Soil Description 
!Brown. COARSE TO FINE SAND. some finc 1 
gra* som silty clay. 

SCS 

LL PL PI 
1 - 1  I I 
Comments 
sample was remolded to q p m ~  95% of the 
wDryDensity.@ OptMoiSaaecOntent+%. 

Failart bnscd on effective strrss ratio 
or 15% strain. 
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Mohr data 



XOJECT TITLE 
ROJECT NUMBER 
W L E  ID 
AMPLETYPE 
.EPTH INTERVAL 
IACHINE SPEED (id&) 
lwuN RATE (Y'h) 
ELL PRESSURE (psi) 
AMPLE PRESSURE (pi) 

TIMB 

0.0 
05 
1 .o 
1.5 
2.0 
2.5 
4 3  - 
8 3  
12.5 
16.7 
22.5 
25.0 
292 
333 
41.7 
52.5 
583 
66.7 
75.0 
833 
91.7 
100.0 
1083 
116.7 
125.0 
1333 
141.7 
150.0 
1583 
166.7 

-A!?EL 

CORRECTED SAMPLE DATA 
DRY DENSITY, calc @c9 

0.45 1 

/ 
ROCKY FLATSRlELD AND LAB TESTINGW MTlAL. SAMPLE DATA 

043-22464001 HEIGHT . -  
PF- 10 DIAMETER VOLUME OF SOLIDS 
Bulk AREA VOLUME OF VOIDS 

VOLUME VOID MTIO 
0.006 WEIGHT (9) 
0.10 %MOISTURE 
83.0 SPECIFIC GRAVITY WATER CONTENT (%MOISTURE) 
80.0 MOIST DENSITY (pc9 WT SOlL &TARE, MOlST (g) 

ACCUM. 
DRFLBX. 

O.Oo0 
0.003 
0.006 
0.009 
0.012 
0.015 

0.050 
0.075 
0.100 
0.135 
O.IS0 
0.175 
0200 
0250 
0.315 
0350 
0.400 
0.450 
0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0900 
0950 
I .a00 

A!?!&L 

0.023 -7- 

80.7 
81.0 

81.4 
815 

81.1 
80.7 
80.5 
802 
a02 
80.1 
80.0 
79.8 
79.5 
19.4 
793 
79.1 
79.0 
w.0 
18 9 
18.8 

18.7 

785 
78.4 
78.4 
783 

812 

;8 l3  _I 

18.7 

78.6 

30 
38 
43 
48 
50 

69 
72 
74 
75 
75 

79 
82 
85 

90 
92 
94 
95 
97 
100 
102 
104 
105 
107 
110 
112 
I14 

_L -60 ;,,* . 

n 

87 

1152 
158.4 

216.0 
230.4 

172.8 
It52 
86.4 
432 
432 
28.8 
14.4 
-14.4 
-57.6 
-72.0 
46.4 
-1152 
-129.6 
-1226 
-144.0 
-158.4 

-172.8 

-201.6 
-216.0 
-216.0 
-230.4 

1872 

vzwA,* 

-172.8 

-1872 

0.05 
0.10 
0.15 
020 
0.25 
0.42 , 
0.83 
I 2 5  
1.67 
225 
2.50 
2.92 
333 
4.17 
5.25 
5.83 
6.66 
750 
833 
9.16 
10.00 
10.83 
11.66 
1250 
1333 
14.16 
15.00 
15.83 
16.66 

I I I 

)If - -  
@ FAILURE I 230.40 I 

(W - 
1.00 
1 .OO 
1 M) 
1 .00 
1 .00 
1 .00 
1.00 - 

0.99 
099 
0.98 
0.98 
0.98 
0.97 
0.97 
096 
0.95 
0.94 
0 93 
093 
0.92 
031 
090 
0.89 
0.88 
0.88 

0.86 

0.84 
0.83 

o m  

*OB 

- 
CORR 
AREA 
(in 2) 
6.09 
6.10 
6.10 
6.10 
6.1 1 
6.11 

. 6.12 , 
6.15 
6.17 
620 
623 
625 
628 
630 
636 
6.43 
6.47 
6.53 
659 
6.65 
6.71 
6.77 
6.83 
6.90 
6.96 
7.03 
7.10 
7.17 
724 
731 

lEVIAT0 
- 

- 
CORR 
HBIM 

6.002 
5999 
5996 
5.993 
5.990 

5.977 
5.952 
5.m 
5.902 
5.867 
S.852 
5.827 
5.802 
5.752 
5.687 
5.652 
5602 
5552 
5.502 
5.452 
5.402 
5352 
5302 
5252 
5202 
5.152 
5.102 
5.052 
5.002 

0 

5987 

p3- I  
77.7 - 
DEV. 

STRESS 

0.0 
3543 
542.9 
660.6 

824.9 
10J8.9~ 
12653 
1330.0 
1370.9 
1385.8 
13823 
14223 
1461.8 
15172 
15672 
1602.1 
1654.0 
1683.0 
17112 
1717.1 
1743.9 
1790.9 
1815.9 
18402 
1843.1 
1866.0 
1908.1 
19292 
1949.5 

@sf) 

1182 

SIGMA 1 - 
A 

4320 
7863 
974.9 
1092.6 
12102 
1256.9 
1490.9 ' 
16973 
1762.0 
1802.9 
1817.8 
18143 
1854.3 
1893.8 
19492 
19992 
2034.1 
2086.0 
2115.0 
21432 
2149.1 
21759 
mzs 
22479 
22722 
ms .1  
p9a.o 
2340.1 
2361.2 
2381.5 

- 
SIGMA 1 
EFF. 

&d!L 
4320 
671.1 
816.5 
905.4 
9942 
1026.5 

"1260.3 
1524.5 
1646.8 
1716.5 
1774.6 
1ni.i 
1825.5 
1879.4 
1963.6 
2056.8 
2106.1 
2172.4 
22302 
l272.8 
2278.7 
2319.9 
23813 
2420.7 
2445.0 
24623 
2499.6 
2556.1 
25??2 
26119 

SIGMA 3 
EFF. 

4320 
316.8 
273.6 
244.8 
216.0 
201.6 
201.6 
2592 
316.8 
345.6 
388.8 
388.8 
4032 
417.6 
446.4 , 
489.6 
504.0 
518.4 
5472 
561.6 
561.6 
576.0 
590.4 
604.8 
604.8 
6192 
633.6 
648.0 
648.0 
662.4 

PRrNCIt 

0 

- 

EFFm 
m RATIO 

(u(/ ui) 
1 .00 
2.12 
2.98 
3.70 
4.60 
5.09 
6.Y 
5.88 
5.20 
4.97 
4.56 
4.56 
4.53 
4.50 
4.40 
420 
4.18 
4.19 
4.08 
4.05 
4.06 
4.03 
4.03 
4.00 
4.04 
3.98 
3 95 
3.94 
3.98 
394 

493.9 177.1 
545.1 2715 
575.1 3303 
605.1 389.1 
614.1 412.5 
73 1 .O 529.4 
891 9 632.7 
98 1.8 665.0 
1031.0 685.4 
1081.7 692.9 
1079.9 691.1 
11143 711.1 
1148.5 730.9 
1205.0 758.6 
12732 783.6 
1305.0 801.0 
1345.4 827 .O 
1388.7 841.5 
14172 855.6 
1420.1 858.5 

1485.9 895.5 
1512.8 908.0 
1524.9 920.1 
1540.8 921.6 
1566.6 933.0 
16oz.l 954.1 
1612.6 966.6 
1637.1 974.7 

1447.9 871.9 

033 
029 
028 
028 
028 
032 
0.14 
0.09 
0.06 
0.03 
0.03 
0.02 
0.01 
4.01 
4.04 
-0.04 
-0.05 
-0.07 
4.08 
4.08 
4.08 
4.09 
4.10 
4.09 
-0.10 
4.11 
4.11 
9.11 
4.12 



DRY DENSITY, calc 
& O E n  TITLE 
ROJECX NUMBER 
.AMPLE ID VOLUME OF SOLIDS 
AMPLETYPE VOLUME OF VOIDS 
,EPTH INTERVAL VOID RATIO 
IACHINE SPEED (in/min) 

ELL PRESSURE (psi) SPECIFIC GRAVITY WATER CONTENT (% MOISTURE) 
AMPLE PRESSURE (psi 
FF. CONSOLIDATION 

r u m  RATE (~dmin) 

MOIST DENSITY (pcf) 
DRY DENSITY, calc @cf) 
VOLUME OF SOLIDS 
VOLUME OF VOIDS 

SATURATION 

WT SOIL &TARE, MOIST (g) 
WT SOIL tk TARE, DRY (9) 

~ o m b g  ~ e t h o a l W e t 1  VOID RATIO 

RESSURE, % (psi) 
RESsURE. UJ @sf) 
MAL 'B" VALUE 

(minutes) 

TIMB 

0.0 
0 5  
1 R 
1.5 
2.0 
2.3 
42  

- 8 . 3  - 
12.3 
16.7 
20.8 
25.0 
292 
333 
41.7 
50.0 
583 
66.7 
75.0 
833 
91.7 
100.0 
110.0 
116.7 
1zs.o 
I333 
141.7 
150.0 
1583 
166.7 

ACCUM. 
DEFLECT. 

O.OO0 
0.003 
0.006 
0.009 
0.012 
0.015 
0.025 

0.075 
0.100 
0.12s 
0.150 
0.175 
0200 
0250 
0 3 0  
0350 
0.400 
0.450 
0.500 
0550 
0.600 
0.660 
0.700 
0.750 
0.800 
0.850 
0.900 
0950 
1.OOo 

(iOdlCS) 

-. 0.050 ,-? 

AXIAL 
rn 

17 
43 
52 
62 
68 
72 
82 

-- JOo 2 

107 
114 
117 
119 
122 
124 
129 
130 
134 
137 
140 
142 
143 
148 
150 
155 
157 
160 
162 
I63 
167 
169 

0 

- 
DU 

PORE 
PRESS. 
@ s i  

80.5 
82.1 
825 
83.0 
83.2 
833 
83 A 

a1 
81.6 
812 
81.0 
80.7 
80.3 
803 
80.1 
799 
79.8 
79.6 
79.5 
79.4 
793 
79.1 
79.0 
789 
78.8 
78.7 
78.6 
78.5 
78.4 

a 7  -- 

'WP &mgE 
DU @sf) 

0 
0.0 

230.4 
288.0 
360.0 
388.8 
4032 
417.6 
316.8 
230.4 
158.4 
100.8 
72.0 
28.8 
0.0 

-28.8 
-37.6 
-86.4 
-100.8 
-129.6 
-144.0 
-158.4 
-172.8 
-201.6 
-216.0 
-230.4 
-244.8 
-2592 
-273.6 
-288.0 
-302.4 

@ FAILURE 

- 
6 

%STRAIN 

0.00 
0.05 
0.10 
0.15 

025 
0.42 

125 
1.67 
2.09 
2.51 
2.92 
3.34 
4.18 
5.01 
5.85 
6.69 
7.52 
836 
9.19 
10.03 
11.03 
11.70 
1254 
1337 
1421 
13.04 
13.88 
16.71 

0 

om 

,O.M 

(I*) - 
1 .00 
1 .oo 
1 .00 
I .00 
1 .00 
1.00 
1 .00 
0.99 - -  
O B  
0.98 
0.98 
0.97 

. 097 
0.97 
0.96 
093 
094 
0.93 
0.92 
0.92 
0.91 

0.89 
0.88 
0.87 
0.87 
0.86 
0.8.5 
0.84 
0.83 

0.90 

CORR. 
AREA 
(in 2) 
6.06 
6.07 
6.07 
6.07 
6.08 
6.08 
6.09 
6.11 
6.14 
6.17 
6.19 
622 
6.25 
6.27 
633 
638 
6.44 
650 
6.56 
6.62 
6.68 
6.74 
6.82 
6.87 
6.93 
7.00 
7.07 
7.14 
721 
728 

DEvlATa 
- 

@ FAILURE 

- mRx. 
HBIGW 
(m) 

5.983 
5980 
5977 
3.974 
3971 
5968 
3.958 
5.933 - 
3908 
3.883 
3.858 
5.833 
5.808 
5.783 
3.733 
3.683 
3.633 
5583 
5533 
3.483 
3.433 
5383 
3323 
3283 
3.233 
3.183 
3.133 
5.083 
5.033 
4983 

IC SrRES 
- 

DEV. 
STRJZS.5 

0.0 
617.1 
8303 
1067.1 
1208.7 
1302.9 
1337.2 
1954.6 
21105 
2265.1 
23252 
236 I .6 
2420.6 
2456.1 
2548.6 
2549.0 
2616.0 
26592 
27013 
2720.4 
27603 
2799.0 
2810.1 
2893.8 
29019 
2941.9 
29543 
2986.0 
2996.6 
3006.4 

@sf) 

SIGMA 1 
dcvstr+ep 

(01) 

864.0 
1481.1 
16943 
1931.1 
z m 7  
2166.9 
24012 
2818.6 
2974.5 
3129.1 
31892 
3225.6 
3284.6 
3320.1 
3412.6 
3413.0 
3480.0 
35232 
35653 
3584.4 
36243 
3663.0 
3674.1 
3757.8 

3805.9 
38183 
3850.0 
3860.6 

3771.9 

3870.4 

SIGMA 1 
EFF. 

864.0 
1250.7 
14063 
1571.1 
16839 
1763.7 
1983.6 
2501.8 

2970.7 
3088.4 
3153.6 
3255.8 
3320.1 
3441.4 
3470.6 
3566.4 
3624.0 
3694.9 
3128.4 
3782.7 
3835.8 
3875.7 
3973.8 
m . 3  
4030.7 
40775 
4123.6 
4148.6 
4172.8 

EFFEClT 

AS!L 

2744.1 

- 

SIGMA 3 
EFF. 

864.0 
633.6 
576.0 
504.0 
4752 
460.8 
446.4 
5472 
633.6 
705.6 
7632 
792.0 
8352 
864.0 
892.8 
921.6 
950.4 
964.8 
993.6 
1008.0 
1022.4 
1036.8 
1065.6 
1080.0 
1094.4 
1108.8 
11233 
1137.6 
1152,o 
1166.4 

, PRINCIP 

&s!L 

- 
3954.61 RATIO @ FAILURE 

WTTARE63) 
WT MOISTURE (g) 
WT DRY SOIL (g) 
% MOISTURE - 

EFF.PRN 
STR RAT10 
(W 9 7  

1 .00 
1.97 
2.44 
3.12 
3.54 
3.83 
4.44 
457 
433 
421 
4.05 
3.98 

3.84 
3.85 

3.75 
3.76 
3.n 
3.70 
3.70 
3.70 
3.64 
3.68 
3.66 
3.65 
3.63 
3.62 
3.60 
358 

ESTRES3 
4.51 

3.90 

3.77 

- - 

(o,'ead 

.o 
1 

864.0 
9422 
991 2 
1037.5 
1079.6 
11 12.2 
1215.0 
15245 
1688.9 
1838.1 
1925.8 
1972.8 
2045.5 
2092.0 
2167.1 
21%.1 
2258.4 
2294.4 
23443 
23682 
2402.6 
24363 
2470.6 
2526.9 
2548.4 
2579.7 
2600.3 
2630.6 
26503 
2669.6 

176.34 

15.82 

a 

0 
0.0 

308.6 
413.2 
333.3 
604.4 
651.4 
768.6 
9773 
10553 
1132.5 
1 162.6 
1180.8 
12103 
1228.0 
12743 
1274.3 
1308.0 
1329.6 
1350.7 
13602 
13802 
13993 
1405.0 
1446.9 
1454.0 
1470.9 
1477.1 
1493.0 
1498.3 
1503.2 - 

TECH 
DATE 

CHECKEL 
REVIEWEE 

0 
0.00 
037 
035 
034 
032 
0 3  1 
0.27 
0.16 
0.11 
0.07 
0.04 
0.03 
0.01 
0.00 
-0.01 
-0.02 
4.03 
4.04 
-0.05 
-0.05 
4.06 
4.06 
-0.07 
4.07 
4.08 
-0.08 
-0.09 
-0.09 
4.10 
-0.10 

PWMlSDM 
8/2/2004 

- 



DRY DENSITY, calc @cf) 
AMPLE ID . VOLUME OF SOLIDS 
AMPLE TYPE VOLUME OF VOIDS 
1EPTH INTERVAL VOID RATIO 
I A C m  SPEED (inlmin) 
TRAINRATE(O/dmia) %MOISTURE ' 

ELL PRESSURE @si) SPECIFIC GRAVITY WATER CONTENT (sl, MOISTURE) 
AMPLE PRESSURE (psi) 
FF. CONSOLIDATION 
RESSURE, 01 @si) 
RESSURE, a1 @sf) 

MOIST DENSITY (pd) 
DRY DENSITY, calc (pd) 

VOLUME OF VOIDS 

SATURATION % MOISTURE 

WT SOIL &TARE, MOIST (9) 
WT SOIL &TARE, DRY (g) 

WT MOISTURE (g) 
WT DRY SOL (g) 

VOLUME OF SOLIDS W T T M C g )  

Mounting M e t h o d ( T I  VOID RATIO MAL "8" VALUE 

(Ibs) 
18 
40 
53 
70 
80 
85 
100 

-119 
127 
129 
130 
130 
130 
130 
132 
134 
135 
137 
139 
140 
142 
144 
145 
147 
149 
150 
155 
156 
157 
I59 

DU 

o(minutcs) 

80.5 
82.1 
82.9 
83.7 
843 
84.6 
85.0 

-;:bs5 ,-, 
83.8 
83.6 
83.4 
833 
83.2 
83.1 
83.1 
83.0 
83.0 
829 
82.8 
82.8 
82.7 
82.6 
82.6 
82.6 
82.5 
82.5 
82.4 
82.4 
82.4 
823 

TIME 

0.0 
0.5 
I .o 
1.5 
2.0 
2.5 
42  
8 3  3 

133 
16.7 
20.8 
25.0 
292 
333 
41.7 
50.0 
583 
66.7 
792 
833 
91.7 
100.0 
I083 
116.7 
125.0 
1333 
141.7 
150.0 
1583 
166.7 

1326.4 
13652 
1451.1 
1482.8 
1498.4 
1616.6 
1908.1 
2096.5 
21443 
21792 
2188.1 
21%9 
2205.8 
2217.4 
2243.0 
2242.7 
2267.7 
22862 
2291.1 
2315.0 
2338.4 
2336.5 
2344.9 
23673 
2364.6 
2416.8 
2413.3 

2430.0 
2409.6 

ACCUM. 
DEFLECT. 

(inches) 
O.OO0 
0.003 
0.006 
0.009 
0.012 
0.015 
0.02.5 

0.080 
0.100 
0.125 
0.150 
0.175 
0200 
0.250 
0300 
0350 
0.400 
0.475 
0500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
I .OO0 

. o.@o 7 ;-. 

260.8 
414.8 
615.9 
734.0 
792.8 
968.6 
1188.1 
1275.7 
1294.7 
1300.8 
12953 
1289.7 
12842 
1295.8 
1307.0 
1306.7 
13173 
1321.4 
13263 
1335.8 
1344.8 
1342.9 
13513 
13593 
1356.6 
1394.4 
1390.9 

13932 
13m2 

TECH 

@ FAILURE 

==E 
DU @sf) 

A E L  
0.0 

230.4 
345.6 
460.8 
5472 
590.4 
648.0 
576.0 y 
4752 
446.4 
417.6 
4032 
388.8 
374.4 
374.4 
360.0 
360.0 
345.6 
3312 
3312 
316.8 
302.4 
302.4 
302.4 
288.0 
288.0 

273.6 
273.6 
2592 

273.6 

8 

%STRAIN 

0.00 
0.05 
0.10 
0.15 
020 
0.25 
0.42 

134 
I .67 
2.09 
2.51 
2.92 
334 
4.18 
5.01 
5.85 
6.68 
7.93 
8.35 
9.19 
10.02 
10.86 
11.69 
1253 
1336 
I420 
15.03 

16.70 

A 

A>:+ o w  ; 

15.87 

(la) 

1.00 
I .OO 
1 .OO 
1.00 
1 .00 
1 .00 
1.00 

0.99 
0.98 
0.98 
0.97 
097 
0.97 
0.96 
0.95 
0.94 
0.93 
0.92 
0.92 
0.91 
0.90 
0.89 
0.88 
0.87 

0.86 
0.85 
0.84 
0.83 

0.99 -- 

0.87 

- 
CORR. 
AREA 
(in 2) 
6.07 
6.07 
6.08 
6.08 
6.08 
6.09 
6.10 

+I2 s j  

6.15 
6.17 
620 
6.23 
6.25 
628 
633 
639 
6.45 
6.50 
6.59 
6.62 
6.68 
6.75 
6.81 
6.87 
6.94 
7.01 
7.07 
7.14 
721 
729 

)EVIAT( 
- 

CORR. 
HEIGHT 

(in) 
5.988 
5.985 
5982 
5.979 
5.976 
5.973 
5.963 

5.908 
5.888 
5.863 
5.838 
5.813 
5.788 
5.738 
5.688 
5.638 
5.588 
5.513 
5.488 
5.438 
5388 
5338 
5.288 
5.238 
5.188 
5.138 
5.088 
5.038 
4988 

CSTRES 

5938--. 

- 
@FAILURE , 

DEV. 
STRESS 

0.0 
521.7 
629.5 
1231.8 
1467.9 
1585.5 
19372 
2376.1 
2551.4 
2589.4 
2601.6 
2590.5 
2579.4 
25683 
2591.6 
2614.1 
2613.5 
2634.6 
26429 
2632.6 
2671.6 
2689.7 
26859 
2702.6 
2718.6 
27132 
2788.8 
2781.8 

2786.4 

-EL 

2714.5 

- 

- 
SIGMA 1 - 

(01) 
1296.0 
1817.7 
2125.5 
2527.8 
2763.9 
2881.5 
32332 

3847.4 
3885.4 
3897.6 
3886.5 
3875.4 
38643 
3887.6 
3910.1 
3909.5 
3930.6 
3938.9 
3948.6 
3967.6 
3985.7 
3981.9 
3998.6 
4014.6 
40092 
4084.8 
4077.8 
4070.5 
4082.4 

- 3672.1.. 

SIGMA 1 
m. 

1296.0 
15873 
1779.9 
2067.0 

2291.1 
25852 
3096.1. 
33722 
3439.0 
3480.0 
34833 
3486.6 
3489.9 
35132 
3550.1 
3549.5 
3585.0 
3607.7 
3617.4 
3650.8 
36833 
3679.5 
3696.2 
3726.6 
37212 
38112 
3804.2 
3796.9 
38232 

&?% 

ni6.7 

- 
SIGMA 3 
EFF. 

12%.0 
1065.6 
950.4 
8352 
748.8 
705.6 
648.0 

- 720.0 
820.8 
849.6 

892.8 
9072 
921.6 
921.6 0 

936.0 
936.0 
950.4 
964.8 
964.8 
9792 
993.6 
993.6 
993.6 
1008.0 
1008.0 
1022.4 
1022.4 
1022.4 
1036.8 

PRINCIl 

A??s!L 

878.4 

- 
pjZT-1 RATIO @ FAILURE 

- 
EFFPRN 
m RAnc 

(-J 017 
1 .00 
1.49 
1.87 
2.47 
2.96 
3.25 
3.99 
4.30 
4.1 1 
4.05 
3.% 
3.90 
3.84 
3.79 
3.81 
3.79 
3.79 

3.74 
3.75 
3.73 
3.71 
3.70 
3.72 
3.70 
3.69 
3.73 
3.72 
3.71 
3.69 

ESTRES! 
4.30 

3.n 

- 

z 1296.0 0.0 

REVIEWED 
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TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

gravel, some silty clay. 

(SC) I 

PROJECT NAME: 
SAMPLE ID: PF - 10 DEPTH: Sample-: Bulk 

ROCKY FLATSlFIELD AND LAB TESTING/CO 
PROJECT NUMBER: 043-2246-0001 
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0 5  
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0 -  

6 8 10 12 14 16 18 0 2 4 

Yo !STRAIN 

PORE PRESSURESTRAIN CURVE 
lo00 

B 0 i pc 

s -m 

2o 
-lo00 

8 IO I2 I4 16 IS 0 1 4 6 

%STRAIN 

FAILURES- I 

OOQ 1 2 3 

Soil Description 
IBrown COARSE TO FINE SAND. fine 

LL. PL PI 
I I I I 
Comments 
Sample was rewlded to appmx 95% of the 

Dry Dersity. @ Opt. M o h  Content +2%. 

Failure based on effective stress ratio 
or 15% strain. 
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TRIAxIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

PROJECT NAME: ROCKY FLATSEIELD AND LAB TESTING/CO 
PROJECT NUMBER 043-224-1 
SAMPLE ID. PF - 10 D E P m  - Samplel)-pe: Bulk 

STRESS PATH 
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0 

TOTU 
'E  0.4858~ + 14226 

'- 

a 1000 

1 I I 

4OoO 

' NORMAL STRESS @sf)  

2 864 115.8 13.3 
3 12% 115.9 13.0 

Soil Description 
lBmwn, COARSE TO FINE SAND. somt l h  1 

LL PL .PI 

1 - 1  I 
Couimene 
Sample WBS remolded to a p p x  95% of tht 
hlax Dly Dcasity, @ Opt M o h  Con- +2%. 

Failure based on effective stress ratio 
or 15% strain. 



APPENDU G 

ATTACHMENT 2 
CENTENNIAL ROCKY FLATS ALLUVIUM 
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PARTICLE SJZE DISTRIBUTION & ATIERBERG LIMITS 
ASTM W21, D425 W3JS 

PROJFfl NAME 
SAMPLE ID: AJ'R-2 Depth (ft): - 
TYPE: BULK 

Rocky FlaWleld & Lab TcstfnUCO 
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APPENDIX G 

ATTACHMENT 3 
TEST PIT AND BOREHOLE LOGS 
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11s. DEPARTMENT OF ENERGY- ROCKY FLATS PLANT FORM PRO.IO1A 

. .  
FORM PROJOlA 
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Location - 
Date: Company: 57378 

Sample Type: 
- 

RMRS LOGGING SUPERVISQR. 
APPROVAL - 

NOTES: General: k modified br Ihk log as kllom: 
Mawiak ZunovotS are esiknaled by X duns inslead of X might. P . 4 o n  0 

Date cffkctive:. 1 W3 1/98 
Page 27 of Z 

(1) Badly broken core. accurale bolage meaSuremenk not powile. 
(2) Core breaks a n 0 1  be matctred. accuraIt foolage measurements nol possible. 
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GEOLOGIST(S1: 
DATE: 

UTHOLOGIC DESCRIPTION 
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a 

c c  

1 

No recovery 15 1-6 0'1 

No mvery 19 1-10 0'1 .:. .. .. 



MRR 15 2085 20: 46 FR EARTH TECH 4082322801 TO 913036944410 P .04/07 

03/15/2005 TUE 20:09 [TX/RX NO 57071 @I004 

~ ___ ~~ ~~ ~~ 



MRR 15 2005 20:46 FR EFlRTH TECH 4082322801 TO 913036944418 P .05/07 

I 



0 

0 

0 

LOG OF BO 

GEOLOGIST(S): 
DATE: PROJECT NO: 

I I I 

LITHOLOGIC DESCRIPTION 

I 

- 6 -  

ROCKY FLATS PLANT FIGURE NO. 



PROJECT NO: ?- /1.2 

LITHOLOGIC DESCRIPTION 

..-. 

ROCKY FLATS PLANT FIGURE NO. 

4u '. . 



f t  int&I 
, . 23 snq i h l t ,  53x clay 

I I 

i l "  

03/15/2005 TUE 20:09 [TX/RX NO 57071 @I006 



~ 

MRR 15 2005 20:46 FR EARTH TECH 4082322801 TO 913036944410 P .07/07 

I 

D 

** TOTAL PRGE.07 ** 
03/15/2005 TUE 20:09  [TX/RX NO 57071 @I007 



I 

r. :U - 0  

c 

v c  u 
E: 5 
X $  a 

D 

w 

B 

a 
i 

1 

! 

I 
j 

I 

! 

! 



I 
c 

OfiYSlM 10 0 ' 4  9' lop d BW ot 10 0' 
CI tone with me Silt Brmish sray 15 JR 4111 ond me 
$vel Iwish trm I10 flblbl where Fd stoined he 
nit 'Sme curt~rnocii~~ ~ o t e r i o ~  Beding mive 
Sli$tly friable Si:q M md le0 stcjinirg ot 11 9' 
I Slit ,  911 cloy 

I 

Toto1 th Driliei 11 90 lotol Oepth king 11 00 
Bottom of 7 ilter Pod ll 90 

. .  . .  . .  

. .  


